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The teaching of mathematics 


in Italian schools 


BENIAMINO SEGRE, Professor at the University of Rome, Rome, Italy, 
recalls the problems faced by teachers of mathematics in Italy 
and reminds the reader that ‘besides logic there is also psychology.” 


1. INTRODUCTION 


During the past century secondary 
education in Italy has frequently been 
subject to modification and, sometimes, 
even radical reform. At the end of World 
War II the Italian secondary schools were 
left in a serious plight as a result of the 
general situation of the country, the de- 
struction of school buildings, and, above 
all, through the baneful effect of fascism. 
For these reasons the former minister 
Gonella recently put forward a new meas- 
ure of reform, the details of which are now 
about to be discussed by Parliament. 
This reform would have the effect of re- 
ducing the number of teaching hours, of 
co-ordinating and lightening the chaotic 
and overloaded syllabi, and of adding 
civie education and character formation 
to the curriculum. 

For historical reasons (of which more 
will follow shortly) nearly all Italian 
schools belong to the State; in recent 
times, however, the Government has 
sought to encourage the founding of pri- 
vate schools, but these are nearly all 
confessional schools (i.e., are under the 
control of the Church). Despite the fact 
that the fees in State schools and universi- 
ties are very low, not very many students 
are able to continue their studies up to 
university standard. In the elementary 
school (five years) and the middle or sec- 
ondary school (scuola media, three years) 
instruction is free, and attendance at 
these is compulsory, in theory at least. 

The secondary school comprises three 


types: classical, technical, and artistic. It 
is from the first of these that most of our 
university students come. When, at the 
age of fourteen, students have passed 
through the secondary school, they must 
complete five years at a Liceo (high 
school or grammar school). This may be 
one of three types: classical, scientific, or 
normal. The first of these gives access to 
all university faculties; the second to all 
save Law and Letters; and the third to 
only Letters, Philosophy, and Pedagogy. 


2. HISTORICAL SURVEY 


In order to understand the situation, 
particularly with regard to mathematical 
teaching, a glance at the past will be 
helpful. 

After the decrees of 1855, 1856, and 
1858, which gave rise respectively to the 
so-called Ginnasi and Licei, the technical 
schools and institutes, and the normal 
schools, came the excellent Casati Law of 
1859; this propounded and reinforced the 
concepts of freedom of teaching, of 
scholastic duty, and of free elementary 
instruction. It also completed the transfer 
of almost all schools to the State. Such 
a transfer was greatly conducive to Italian 
unity, which in those years was being 
forged by the addition to Piemonte of 
the numerous little states into which 
Italy was then divided. The Casati Law 
brought the program of studies to a high 
level and created in all types of schools a 
tradition of solidity and_ seriousness. 
Until the advent of fascism it remained 
the bedrock of the Italian school, save 
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for modifications (not always happy), 
among which we may mention the avoid- 
ance of consigning mathematical and 
scientific teaching to the same instructor, 
the abrogation of the written mathematics 
examination in the Ginnasic-Liceo, and 
the curious option of choosing between 
Greek and mathematics accorded (in 1904) 
to students in their last two vears at the 
Liceo. 

In 1923 the Fascist government promul- 
gated the now notorious law which took 
its name from the philosopher Gentile, 
who himself had arrived at certain con- 
clusions, on theoretical grounds, many of 
which were not borne out by experience. 
Among the disadvantages, political and 
moral, resulting from this law, we may 
mention the doubling of mathematics and 
physics teaching in all secondary schools, 
and the contraction of the mathematics 
time-table without reduction of the sylla- 
bus. These and other disadvantages at 
once made themselves apparent, so much 
so that the law was soon partially modified 
by subsequent Fascist ministers (Fedele, 
1925; De Vecchi, 1936; Bottai, 1940). 

Let us now turn to the traditional char- 
acteristics of our mathematical instruc- 
tion. These are mainly three in number: 
the first is the division of the course into 
two cycles, each complete in itself, the 
subject matter being almost completely 
taught in the second; the first extends from 
the elementary to the middle (or second- 
ary) school, and is essentially empiricai 
and intuitive in character, while the 
second, rational and logico-deductive, com- 
prises the five years of the high school. 
The second characteristic is the high 
standard of rigor which prevails through- 
out this latter cycle. The third character- 
istic, more recent and debatable, is the 
above-mentioned doubling of mathematics 
and physics. 

We may assert that the division of the 
course into these two cycles is an indis- 
pensable condition of attainment of the 
ideal scientific rigor to which we attribute, 
with reason, a high formative value. 


Nevertheless, this has given rise to no 
slight disadvantages and difficulties in 
teaching. In fact, in the two cycles, 
students often witness the same subject 
treated from two different points of view. 
This means a considerable loss of time, 
not to mention that many pupils fail to 
appreciate the desirability of retracing 
ground which, they supposed, was al- 
ready firmly consolidated, with the result 
that they often remain unorientated to 
the abstract—and, for them, abstruse— 
reasoning designed to give rational proof 
of intuitive facts. In addition, this empha- 
sis on the logico-deductive aspect of 
mathematics sometimes leads one to 
neglect the technical side and the practi- 
cal applications of the theory. 

We must, however, recognize that these 
tendencies have brought our teaching to 
a high scientific level, encouraging many 
promising youngsters to study mathe- 
matics at the university and, especially 
in the past, inspiring our teachers with a 
love for research and a desire to main- 
tain fruitful contacts with the university. 
In the first half of the last century the 
situation was very different, and the merit 
for bringing about the change must be 
assigned to Luigi Cremona, Enrico Betti, 
and Francesco Brioschi, who in 1867 
secured the adoption of Euclid’s Elements 
as a textbook in all the classical schools. 
Cremona, who founded the modern Italian 
school of geometry and was for a short 
time Minister of Education, was a valiant 
advocate of modern, rigorous texts, and 
himself translated Baltzer’s Die Elemente 
der Mathematik' and wrote the excellent 
Elementi di geometria proiettiva® for use in 
technical institutes. 

Toward the end of the last century and 
the beginning of the present century the 
spirit of criticism was maintained and 
refined by those teachers who had grouped 


1 Richard Baltzer, Die Elemente der Mathematik. 
Band I, Arithmetik und Algebra (Leipzig, 1865); Band 
II, Planimetre, Stereometrie, Trigonometrie (Leipzig, 
1883). 

2? Luigi Cremona, Elementi di geometria proiettiva 
(Turin, 1873). 
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themselves round the university centers 
where Ulisse Dini, Giuseppe Veronese, 
and Giuseppe Peano had completed or 
were completing their work of revising the 
foundations of analysis, geometry, arith- 
metic, and mathematical logic. It is true 
that Peano, whose pupil I have the honor 
to be, used to insist that, from the didactic 
point of view, rigor should not consist in 
demonstrating everything exhaustively 
but—as in a court of law—in telling the 
whole truth and nothing but the truth. 
However, this does not mean that, in 
our teaching, we have not sometimes been 
guilty of excesses of rigor, rendered even 
more harmful by mistaken scruples which 
have led, for example, to postponing as 
long as possible the applications of alge- 
bra to geometry. Thus, in some cases the 
theory of real numbers was expounded 
twice over, in two different ways: (1) by 
the geometrical method of Euclid and (2) 
by the method of Dedekind sections. No 
attempt was made to reconcile the two. 

But voices were soon raised against 
such exaggerations and distortions. Gio- 
vanni Vailati warned teachers that be- 
sides logic there is also psychology, while 
the philosopher Eugenio Rignano re- 
marked that mathematical proof may be 
thought of, not only as a chain of logical 
operations, but also as a series of mental 
experiences. As a result of these admoni- 
tions, teachers sought to present their 
subject in the neatest and least arid way, 
adapting it to the intellectual capacity 
of the young without sacrificing the rigor. 
In this regard special mention must be 
made of my great master Francesco Severi, 
who, in the numerous texts which he has 
written for the schools, has succeeded in 
expounding the subject matter in an ele- 
gant and suggestive manner, interpolating 
frequent and helpful appeals to intuition. 

We may thus say that the mathematics 
syllabus in the two cycles already referred 
to has gradually been cut down; and it 
will probably be cut still further after the 
passing of the Act at present before Parlia- 
ment. 

With regard to the doubling by the 


same teacher of mathematics and physics, 
one cannot say that it has withstood the 
test to which it has been subjected during 
the past thirty years. To begin with, it has 
had unfortunate results in the university, 
where the students who are preparing to 
teach mathematics and physics in the 
secondary schools are not merely dis- 
tracted from scientific research but are 
often overwhelmed by the profusion and 
disparity of the subjects they have to 
study. In addition, the tone of the second- 
ary teaching, and the mathematical prepa- 
ration of those arriving at the university, 
have both been lowered during these 
last years; this may of course be attributed 
to other causes, such as fascism, the war, 
and so on. However, with the passing of 
the new reforms it should be possible to 
effect the separation of mathematics and 
physics teaching in the high schools, and 
we may hope that this measure, together 
with others at present being examined, 
will raise mathematical teaching in our 
schools to its traditional high level. 


3. THE MATHEMATICS PROGRAM 


The children enter the secondary school 
at the age of ten (or older); the entrance 
examination in mathematies is both writ- 
ten and oral. The oral examination consists 
of a simple arithmetical problem which 
requires not more than three operations 
and which is related to the everyday ex- 
perience of the candidate. The written 
examination is concerned with practical 
exercises on the four operations, with 
integers (up to a million) and decimals 
(down to a thousandth), on the decimal 
metric system, and on perimeters and areas 
of polygons and circles. 

This examination covers only part of 
the elementary-school work; this is due to 
the fact that the examination aims above 
all at discovering the child’s aptitude for 
classical studies. Those who do not enter 
the secondary school must attend either 
a training school for workers or an art 
school, which is likewise intended as a 
preparation for the professions. 

The tendency of mathematics teaching 
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during the three years at the secondary 
school (three hours per week) is above all 
practical and intuitive, without, however, 
excluding some considerations of a logico- 
deductive nature. The first two years are 
devoted to practical arithmetic, including 
something of the formal properties of the 
four operations, above all with the idea of 
accustoming the children to rapid calcula- 
tion and the use of brackets; the concepts 
of highest common factor and least com- 
mon multiple, obtained by decomposition 
into factors (or, rarely, by the Euclidean 
method of successive division); fractions 
and square roots, with various applica- 
tions. In the third year the elementary 
properties of polynomials and _ rational 
functions are studied, as far as the calcula- 
tion of simple algebraic expressions and 
the solution of simple equations of the 
first degree in one unknown. Paralleling 
this work is a geometry course which 
deals with elementary notions and proper- 
ties of segments and angles, perpendicu- 
larity and parallelism, triangles, poly- 
gons, circles, Pythagoras’ theorem, and 
the volumes of simple solids. 

At the end of these three years there is 
the so-called “esame di licenza,’’ which, 
upon graduation, admits the student to 
the high school. Here the mathematical 
instruction is designed to arrive at the 
logico-deductive method by successive 
stages, through an intuitive and dynamic 
process, in close contact with the historical 
development of the subject. No single 
point of view is imposed. The idea is to 
lead the pupils very gradually, by a group 
activity, to a realization of the significance 
of words, concepts, properties, and reason- 
ing. 

We now come to the high school. First, 
the Liceo Classico. As regards the alge- 
bra, the first two years’ course repeats 
and amplifies the third-year work of the 
secondary school, with numerous practical 
exercises. During the three following years 
the syllabus is completed with the intro- 
duction of real numbers (usually by means 
of the decimal representation) and of com- 
plex numbers; the theory of arithmetic 


surds, the solution of quadratics (and 
equations easily reducible to quadraties), 
and systems of quadratics in two un- 
knowns; logarithms, and plane trigonom- 
etry. At the same time the rational ele- 
mentary geometry of the plane and space 
is developed up to the equivalence of poly- 
hydra, with practical rules for the deter- 
mination of areas and volumes; the whole 
being illustrated by frequent applications 
of algebra to geometry. 

The number of hours per week devoted 
to this work is no more than 11 (=2+2 
+3+2+2); in the Liceo Scientifico, on 
the other hand, the number rises to 18 

=5+4+4+3+43+3). Here greater atten- 
tion is given to matters of principle; in 
addition, inequalities, linear and quad- 
ratic, are treated, with applications, and 
also the elements of plane co-ordinate 
geometry and calculus. In the former, 
metrical and graphical properties of 
points, lines, and circles are discussed, as 
well as various geometric loci, in particu- 
lar the conics represented by their stand- 
ard equations. In the latter, there is a 
careful treatment of limits of sequences 
and functions, with applications to the 
calculation of derivatives and the solution 
of problems of maxima and minima. 
Then, very briefly, with frequent recourse 
to geometric intuition, the problem of 
integration is treated, usually as the in- 
verse of derivation, with applications to 
areas and volumes. Finally, there is a 
brief treatment of the theory of permuta- 
tions, leading to the binomial theorem. 

In the normal school (Liceo Magistrale) 
mathematics occupies a more modest posi- 
tion, with 11 (=4+3+2+2) hours per 
week devoted to its study throughout the 
four years—which should soon be in- 
creased to five. The course has both a cul- 
tural and professional purpose, and in- 
cludes didactic training, with actual les- 
sons given to classes in the elementary 
schools, and also the construction of 
geometrical models. In algebra the sylla- 
bus does not go beyond linear equations 
and square roots, while in geometry logico- 
deductive rigor is very often tempered by 
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recourse to intuition and physical experi- 
ment. 

At the end of his last year at high school, 
the student must face a so-called “matur- 
ity test”’ (classical, scientific, or pedagogic, 
as the case may be). After passing this 
test, he can at once proceed to the uni- 
versity, in any faculty to which his school 
studies have given him the right of entry. 


4. FINAL CONSIDERATIONS 

We must recognize the fact that, while 
our Classical high schools are really excel- 
lent, our scientific high schools have not 
always proved to be so satisfactory, nor 
indeed can they boast of such brilliant 
traditions. This must be attributed to the 
great prestige which, for historical and 
also religious reasons, humanistic studies 
have enjoyed and still enjoy in Italy, 
thus taking precedence over scientific. 
In particular, in no branch of our second- 
ary and high schools does mathematics 
teaching occupy the pre-eminent position 
to which its formative value and the im- 
portance of its many applications entitle 
it. The interests of this teaching are, it 
is true, actively defended by the Italian 
Mathematical and Physical Society, 
“Mathesis,’’ but not, however, with com- 
plete success: so much so that, for about a 
century, the ever-growing development of 
science and technology has found itself 
opposed, in Italy, to a fairly consistent 
and gradual deterioration of mathematics 
in the secondary schools. Thus, for exam- 
ple, the number of teaching hours has 
several times been reduced; the written 
examination in mathematics has been 
abolished in the classical maturity test, 
and even the oral test has been abrogated 
in the examinations for teaching posts. 

An interesting characteristic of the pre- 
university teaching is that of allowing 
students of the classical high school to 
leave the choice of career to the moment 
when they enter the university, for which 
no examination is required. Now, while 
this has the advantage of avoiding exces- 
sive and premature specialization, and of 


favoring the formation of ample and solid 
humanistic culture, the system is by no 
means free from disadvantages, some of 
them serious. For instance, in Italy one 
often meets distinguished doctors, lawyers, 
philosophers, etc. who have forgotten even 
the most elementary notions of mathe- 
matics and physics and who are proud 
of their ignorance. There is a large and 
growing number of young men who pur- 
sue scientific studies at the university 
without the necessary disposition for them. 
I may add that instructors of mathemat- 
ics and physics have to deal with ex- 
pupils of both the classical and the scien- 
tific high school, which wastes their time 
and renders almost superfluous the extra 
attention given to science in the latter, at 
the expense of humanistic studies. 

In conclusion I should point out that 
our schools and universities, being state- 
owned, are subject to the same regulations 
and hence bear a remarkable similarity 
to one another. This uniformity assures a 
fairly high-average level of attainment, 
but it diminishes the possibility of brilliant 
teaching due to individual initiative. 

Naturally enough, the problems of pre- 
university mathematics teaching cannot 
be isolated from more general questions 
concerning Italian secondary schools. An 
examination of these would, however, take 
us too far. I must content myself with 
remarking that the problems of mathe- 
matics teaching have been deliberated 
by the committee which has formulated 
the proposed reforms of which I spoke 
earlier. If these reforms, possibly with 
modifications, are approved by Parlia- 
ment, they will effect a marked improve- 
ment in the situation. In particular, one 
thing which would benefit secondary 
teaching is the proposal to grant the uni- 
versities didactic and administrative au- 
tonomy, as a result of which they could 
institute their own entrance examinations. 
In any case, however, some years must 
pass before the effects would be felt, and 
the unfortunate consequences of the 
former policy swept away. 
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General mathematics 


in the secondary school—Il 


WILLIAM DAVID REEVE, Emeritus Professor of Mathematics, 
Teachers College, Columbia University, concludes his article 
on general mathematics. The first part appeared in the February issue. 


V. GENERAL MATHEMATICS IN THE 
JUNIOR HIGH SCHOOL 


The reorganized modern junior high 
school, constituting grades 7, 8, and 9, now 
offers some kind of a general introductory 
course in mathematics. The content, 
methods of teaching, and order of presen- 
tation of topics may vary from place to 
place, but the great central purpose is 
fairly uniform. 

Since many high schools find it impossi- 
ble to allow more than two years for 
mathematics, it is important that the 
course should present the most all-round 
view of the science that it is possible to 
give. This does not mean, however, the 
selection from the broad field of mathe- 
matics of a little here and a little there, 
without any attention to a proper se- 
quence. Such an idea of the meaning of 
general mathematics is based upon an 
erroneous idea of the meaning of correla- 
tion, and has been responsible for the 
short life of many books in this field. 

Experience has shown that the most 
satisfactory division of emphasis in a gen- 
eral mathematics course is to make the 
work of the ninth-grade course center 
about algebra as the core, combining it, 
whenever a natural link is offered, with 
informal geometry, arithmetic, the ele- 
mentary principles of numerical trigo- 
nometry, and a simple introduction to the 
meaning of proof. This has several ad- 
vantages. The work in computation pre- 
vents the student from losing sight of the 


fact that arithmetic is fundamentally im- 
portant in all mathematics. The work in 
informal geometry offers the best possible 
preparation for the second-year course. 
The work in numerical trigonometry, 
which is now being generally included as 
part of a regular first-year course in alge- 
bra, furnishes a practical application of 
mathematics as a working tool that is far 
more interesting and valuable than the 
diill on the more involved phases of alge- 
braic technique which it displaces. The 
introduction to the nature of proof lays a 
solid foundation for the work in formal 
geometry. This all-round view of mathe- 
matics is equally valuable to the student 
who is to pursue his studies further, since 
he will be much better prepared to under- 
take more intensive work the following 
year. 

The general plan of the tenth-grade 
course in general mathematics should be 
to make demonstrative geometry the cen- 
tral feature of the year’s work. With the 
foundation acquired from a ninth-grade 
course of the type outlined above, the stu- 
dent is better prepared to approach 
mathematical demonstration than in the 
traditional plan of a year of algebra fol- 
lowed by a year of plane geometry. His 
previous work in informal geometry has 
made him familiar with a large number of 
the terms that he will now need to use, so 
that he is not confronted at the start with 
a formidable list of definitions to be 
learned; also, the informal methods of 
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examining geometric figures provide a 
natural and easy approach to proving, or 
demonstrating, the theorems which have 
previously been inferred. Particular em- 
phasis should be placed on model proofs, 
on the need for supporting each step in a 
proof by a reason, and on the need for de- 
termining in advance the general plan to 
be followed in proving any proposition. 
With the simple approach to the first few 
theorems by means of a study of the 
figure, the student can be led to appreciate 
from the start the significance of demon- 
strative methods and to depend upon his 
own powers of reasoning rather than upon 
a proof in a book. 

Throughout the work in geometry, 
which includes not only the important 
theorems and problems of plane geometry 
but also the simpler parts of solid geome- 
try, algebra, and trigonometry should be 
used whenever they help to clarify the 
proofs, but not otherwise. For example, 
the treatment of proportion is purely alge- 
braic; and trigonometry, including the 
logarithmic solution of the right triangle, 
is presented at the point where it is a real 
aid to metrical geometry. 

In discussing the course for the junior 
high school The National Committee on 
Mathematical Requirements said: 

In the junior high school, comprising grades 
seven, eight, and nine, the course for these three 
years should be planned as a unit with the purpose 
of giving each pupil the most valuable mathemati- 
cal training he is capable of receiving in those 
years, with little reference to courses he may or may 
not take in succeeding years." 


In the second report of the Commission 
on Post-War Plans the course for the 
junior high school is fully discussed.'* They 
give the following theses for this period: 


Thesis 9. The mathematical program of grades 
7 and 8 should be essentially the same for all 


pupils. 


17 The Reorganization of Mathematics in Secondary 
Education (a Report by The National Committee on 
Mathematical Requirements under the auspices of the 
Mathematical Association of America, Inc., 1923), p. 
14. A later edition of this report was published by 
Houghton Mifflin Company, Boston, 1927. 

18 Second Report of the Commission on Post-War 
Plans, op. .cit., pp. 205-208. 


Thesis 10. The mathematics for grades ? and 
8 should be planned as a unified program and 
should be built around a few broad categories. 

Thesis 11. The mathematics program of grades 
? and 8 should be so organized as to enable pupils 
to achieve mathematical maturity and power. 

Thesis 12. The large high school'® should pro- 
vide in grade 9 a double track in mathematics, 
algebra for some and general mathematics for the 
rest. 


In discussing Thesis 12 the Commission 
said: 

The situation in the ninth grade of the large 
high school clearly requires a double track in 
mathematics—algebra only for those whose 
ability and future outlook indicate to their ad- 
visers that they should take it, and a good course 
in general mathematics for the rest. General 
mathematics for the ninth grade is here defined 
as a course that includes and emphasizes the 
elements of functional competence as outlined 
in the Check List on pages 197-198 of this re- 
port.?° 

Thesis 13. In most schools first-year algebra 
should be evaluated in terms of good practice. 

In commenting on Thesis 13 the Com- 
mission said: 

Let no one assume that all is well with first- 
year algebra. There is a wide gap between first- 
year algebra as it is commonly taught and what 
good teachers everywhere have long demon- 
strated.”! 


The work of the seventh grade 


With reorganized content and methods 
of teaching we should be able to complete 
instruction in the fundamental skills of 
arithmetic, as such, with integers and 
fractions, by the end of the sixth grade. 

The central purpose of the work of the 
seventh grade should be to solve problems 
which make it necessary to use the funda- 
mental skills in arithmetic which the stu- 
dent has learned in the first six grades, and 
also to introduce him to some of the new 
and interesting lines of work beyond 
arithmetic. From a psychological point of 
view, the easiest and simplest step is to 
begin by initiating the student in the 


19 By a large high school the Commission means a 
school of more than 200 pupils. See Ellsworth Tomp- 
kins, Class Size, the Larger High School (Washington, 
D. C.: Cireular No. 305, Department of Health, Edu- 
cation, and Welfare, Office of Education, 1949). 

20 Second Report of the Commission on Post-War 
Plans, p. 206. 

21 Jbid, p. 207. 
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study of informal geometry. There are ad- 
vantages and disadvantages in starting 
with either geometry or arithmetic. It is 
best, perhaps, not to try to perpetuate any 
particular plan, but rather to be guided by 
experience in choosing the plan best 
adapted to local conditions. 


Objectives in teaching mathematics beyond 
elementary arithmetic 

Using the guiding principle that we 
should include in the course for each year 
those things which the students will be 
most likely to need and use (not in the 
narrow sense) if they leave school at the 
end of that year, I submit these sugges- 
tions: 

1. Informal geometry. The earth meas- 
urers developed certain rules for plane 
figures which were also extended to cover 
the measure of solids. These rules were 
partly correct and partly unreliable, but 
they served the race as fair approximations 
at a time when folks were not very critical 
in their measurements. As a matter of fact, 
they never dreamed of systematic proof in 
ancient times. It was only when the 
Greeks came on the scene that a demon- 
stratién became the vogue. 

One phase of the informal geometry 
work is the development of an apprecia- 
tion of the beauty and grandeur of the 
world about us. 

We cannot make mathematics purely 
“child’s play”’ because to do so will kill the 
science in it. That is why playing store, 
bank, and the like, if carried to the ex- 
treme, may be fatal. In other words, if the 
work turns out to be all project and no 
arithmetic, the result is obvious. What we 
need is the right kind of appreciations, 
attitudes, and ideals toward the study of 
mathematics; and these can be obtained 
only by artistic teaching. 

The trouble with our teaching in the 
past is that we have made the mathe- 
matics pure science and have therefore 
made the ‘‘child’s play” impossible. 

The big problem is to know how far to 
go. Like everything else it can be extended 


beyond the genuine needs of anyone. All 
through the mathematics course we have 
held sacred a great deal of technical detail 
that might well be omitted without serious 
loss to any important interest, and we 
have slighted, if we have not omitted them 
altogether, many things which according 
to Bode are “of vital importance for the 
cultivation of attitude or outlook—the most 
fundamental and urgent need in American 
education.” 

2. Arithmetic. The student should begin 
with a type of arithmetic which will give 
him a sense of studying something new 
and yet make him feel that he is dealing 
with work closely related to what he has 
just been studying. The work should be 
arranged not by topics but according to 
social needs. This is done by giving such 
applications in arithmetic of the home, of 
the store, of the bank, of thrift, of indus- 
try, of the farm, and the like as any citizen 
is likely to need. However, care must be 
taken to see that the proper sequence of 
subject matter and difficulty are main- 
tained, or the results may be too much 
socialization and no arithmetic. For exam- 
ple, in the arithmetic of the home should 
be included such items as household ac- 
counts and budgets, and, carefully corre- 
lated with the applications, there should 
be given a careful treatment of percentage 
considered simply as a natural outgrowth 
of decimal fractions. In the arithmetic of 
the store or daily purchase one should in- 
clude a consideration of sales slips, dis- 
counts, and the like, and there should be a 
carefully correlated continuous review of 
the fundamental operations and of short- 
cuts that are used in business, in so far as 
they come within the range of the stu- 
dent’s interests in buying and selling. 

3. Algebra. Under the head of the ge- 
ometry of size we have an excellent oppor- 
tunity to begin the study of algebra in the 
seventh grade. If the student ever needs 
algebra at all, he will need the formula or 
the rule behind it. If he goes on with alge- 
bra, the early start with simple formulas in 
the seventh grade helps the student better 
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to understand what the subject means. In 
this way algebra will be presented as a 
language—a way of thinking and of ex- 
pressing ourselves by means of this lan- 
guage. Those who are interested in a more 
complete discussion of this point should 
consult a book by Professor Hogben,” who 
lays great stress upon the importance of 
the language of size. 


The work of the eighth grade 

The work of the eighth grade should 
continue by making sure that the material 
of the seventh grade is reviewed and ex- 
tended, with the time given to algebra in- 
creased so as to equal at least the time 
given to arithmetic and informal geome- 
try. 

1. Informal geometry. If time permits, 
some kind of helpful review and extension 
of the fundamental ideas of informal ge- 
ometry should be given in the eighth 
grade. This can be supplemented by a 
unit on indirect measurement limited to 
scale drawings. 

2. Algebra. It is desirable to teach alge- 
bra during the first half of the eighth 
grade because it is a natural outgrowth of 
the geometry of size taught in the seventh 
grade and because the student can, if nec- 
essary, use it in the more advanced arith- 
metic work during the second half of the 
year. 

The parts of algebra that are treated in 
the eighth grade are the following: 

a. The formula or the rule behind the 
formula should be related to the practical 
cases that arise in connection with simple 
measurements, interest, rules in elemen- 
tary science, and the like. 

b. Any citizen should be familiar with 
the equation, because when he needs to 
derive one formula from another, he has 
to know how to solve an equation. How- 
ever, these equations are relatively simple. 
Equations may also be used to solve prob- 
lems that in arithmetic would be more 


2 Lancelot Hogben, Mathematics for the Millions 
(New York: W. W. Norton and Company, 1937). 


complicated. Both the formula and the 
equation should be applied to simple prob- 
lems in arithmetic, business, science, and 
the like so as to bring out the utility of 
algebra. 

c. He should be familiar with the use of 
the graph, because the student cannot 
read intelligently today until he knows at 
least how to interpret a graph of a mathe- 
matical law. He may not have to construct 
a graph, but he must be able to read and 
understand it. This is true particularly of 
the statistical graph, which, however, is 
not a graph of a mathematical law. 

d. Directed numbers are important, but 
they are not easily understood. For this 
reason it may be advisable to give them 
only to the more gifted students in the 
eighth grade. 

3. Arithmetic. Some teachers may wish 
to present algebra in the latter half of the 
eighth grade so that they can correlate it 
more closely with the algebra of the ninth 
grade, but it seems better to stress alge- 
bra, as previously recommended, in the 
first half of the year, where it correlates 
closely with the work in seventh grade and 
then use it wherever correlation is natural 
in the second half of the year. Students so 
taught will, if they leave school at the end 
of the eighth grade, find themselves better 
able to handle the more fundamental ideas 
of business arithmetic and will have 
greater power in applying algebraic meth- 
ods to arithmetic problems wherever the 
need arises. 

The arithmetic of the eighth grade 
should be more vocational in type and not 
merely a logical arrangement based upon 
mathematical topics. The purpose may be 
served by a scheme such as the following, 
where the order can be changed to suit the 
local needs: 

a. Arithmetic of the home, including 
household accounts and budgets, economi- 
cal buying, simple questions of food values 
and dietetics, and the like. 

b. Arithmetic of daily purchase, includ- 
ing the making of bills and invoices, figur- 
ing prices, bargain sales, simple discounts, 
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and computing profit and loss, first on the 
cost in the usual elementary way, and 
second on the selling price as is done by 
larger business concerns. 

c. Arithmetic of banking in its relation 
to the needs of the ordinary citizen, in- 
cluding deposit slips and checks, borrow- 
ing money at a bank, and the like. 

d. Arithmetic of thrift and investment, 
including teaching what it means to save 
money and how to invest savings wisely, 
function of the savings bank, and con- 
servative investing in sound stocks and 
bonds. 

e. Arithmetic of social life, including the 
significance of taxation, what is the citi- 
zen’s duty in matters of taxation to the 
state, county, or local government, in- 
surance, the meaning of tariff, social se- 
curity, income taxes, and the relation of 
arithmetic to the great industries of the 
country. 

f. Arithmetic of corporations, including 
the significance of corporations, how they 
are formed, why bonds are issued, what 
stocks mean, the difference between the 
two, and the advantages, if any, of the one 
over the other. 

There are a great many of the applica- 
tions of arithmetic that we now attempt to 
teach in the eighth grade, like the second 
and third cases of percentage, that are 


beyond the understanding of many stu- | 


dents who have to study the subject there. 
Such material might well be taught in the 
ninth grade or later when an algebraic 
basis can be given. 

Another good point about such post- 
ponement of some arithmetic is that it 
will give a chance to the teacher who is so 
inclined to offer a unit of informal geome- 
try including a little algebra in the seventh 
and eighth grades. 


The work of the ninth grade 


Whereas, in the work preceding the 
ninth grade, the practical needs of the stu- 
dent should be the guiding motive, the 
work of the ninth grade should be designed 


to give the student an idea of the signifi- 
cance of mathematics as a science. By the 
end of this year, the student who desires 
to proceed further in school should, with 
the aid of his teacher, be able to decide 
whether he can profit by a continued 
study of mathematics. 

The organizing and unifying principle* 
of the general mathematics course in the 
ninth grade should be the idea of fune- 
tional relation—the dependence of one 
quantity upon another. In the ninth year 
the function furnishes the central idea of 
the course, and the simpler truths and 
constructions of geometry help to ration- 
alize some of the more formal aspects of 
the algebra and later to furnish exercises 
for algebraic applications. This is done in 
various ways, but the function concept, 
either implicitly or explicitly, dominates 
throughout and helps to lend concreteness 
and coherence to the subjects. 

Instead of waiting until the tenth grade 
and trying to crowd all of the difficulties 
of demonstrative geometry into that year, 
the ideal plan introduces a great deal of in- 
formal geometry in the ninth year, fol- 
lowed in some cases by a simple approach 
to demonstrative geometry only where it 
comes naturally and easily. In this way, 
many of the relations are taught induc- 
tively by experiment and by measure- 
ment, to be followed later by more formal 
proofs. The students who learn geometry 
in this way do not start the geometry work 
in the tenth grade as if it were an entirely 
new subject, as has often been the case. 
Besides, the leading propositions of alge- 
bra are as conducive to the development of 
power to reason as are the propositions of 
geometry. 

We can also bring in arithmetic applica- 
tions where it seems feasible. The work of 


23 The Reorganization of Mathematics in Secondary 
Education, op. cit., p. 12. See also The Place of Mathe- 
matics in Modern Education, op. cit., pp. 101-107, and 
General Mathematics in the High School (Mathematics 
Bulletin, No. 2; Curriculum Bulletin, No. 17; Wiscon- 
sin Cooperative Educational Planning Program, State 
Department of Education, June, 1950). 
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numerical computation keeps the student 
conscious of the fundamental importance 
of arithmetic in all mathematics work. 
The work in informal geometry offers the 
best possible preparation for a unit of 
demonstrative geometry during the last 
part of the ninth grade, or for the geome- 
try work of the tenth grade. The work in 
numerical trigonometry, which is now be- 
ing generally included as part of ninth 
grade algebra, gives the student an excel- 
lent idea of indirect measurement. 

Not only is the use of checks valuable 
per se because it encourages the student 
to rely upon himself and thus to work in- 
dependently of other students and the 
answer book, but the process of checking 
gives experience in evaluation which helps 
to bring out the idea of a general number. 

The following content material should 
constitute the ninth grade courses: 

1. Algebra. The student should have a 
good course in elementary algebra limited 
to the topies which he is likely to need in 
studying science, extending through pure 
quadratic equations. However, we should 
no longer give an extended study of the 
complete quadratic equation inthis grade, 
since it is no longer required by extra- 
mural examination boards, and Congdon’s 
study** shows practically no need of a 
knowledge of the quadratic equation even 
in college physics. Moreover, with the 
liberalization of the requirements of the 
College Entrance Examination Board and 
their new plan of examinations, together 
with the fact that the Regents’ system in 
New York no longer requires an examina- 
tion in ninth grade algebra, teachers of 
ability and vision can make the algebra of 
the ninth grade a modern course in all re- 
spects. This can be done by eliminating 
much of the formalism of former days and 
a great deal more of the “dead wood”’ in 
subject matter. 

Instead, therefore, of making the solu- 


* A. R. Congdon, Training in Mathematics Es- 
sential for Success in Certain College Subjects (New 
York: Bureau of Publications, Teachers College, Co- 
lumbia University, 1930). 


tion of abstract equations the central fea- 
ture of algebra, as was once the case, or of 
making the formal juggling of algebraic 
expressions the main objective, as seemed 
to be the case in the first part of algebra a 
generation ago, the present plan is to 
emphasize the ordinary uses of elementary 
algebra and to introduce these features 
which add to the student's interest in the 
study of these uses. This has led to the 
placing of special emphasis on the formula, 
linear equations, graphs (a necessity at 
present in all lines of business and _ sci- 
ence), and finally, signed numbers. Rela- 
tively little attention is now felt to be 
necessary with respect to the addition, 
subtraction, multiplication, and division 
of polynomials, to unusable cases of factor- 
ing, or to the manipulation of elaborate 
algebraic fractions. These topics once kept 
the students busy and they had a certain 
interest for the very reason that they were 
mechanical operations requiring but little 
thought; but their day is largely past, and, 
were it not for the efforts of the ultracon- 
servatives to keep them in state and city 
examinations, they would soon give place 
to the modern offering. 

2. Numerical trigonometry. It is grati- 
fying to see numerical trigonometry in- 
cluded in practically all of the new texts 
in ninth year algebra. In many schools 
some trigonometry is taught in the tenth 
grade. Speaking of the relation of trigo- 
nometry to algebra, Nunn said: 


As soon as the symbols of trigonometrical 
ratios are recognized as capable of entering into 
formulas and of being manipulated, they should 
be regarded as belonging to the vocabulary of 
algebra. There is, indeed, no principle except the 
invalid principle of formal segregation, upon 
which we can include the study of z or a in the 
algebra course and exclude sin x or tan zx. All 
alike are pieces of symbolism invented for the 
description and interpretation of facts of the 
external world. Each represents a typical kind 
of function. To each corresponds a specific form 
of curve which may be regarded as the graphic 
symbol of the function. Both algebra and trigo- 
nometry would gain by fusion—the former 
through an added variety and richness in the 
illustration of its main themes, the latter by the 
removal of the excessive formalism which at 
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present obscures its value and interest for the 
beginner.” 

In arguing for the unification of algebra 
and trigonometry, Nunn is arguing 
“against the artificial separation between 
problems which must in any case be at- 
tacked in a similar spirit and by similar 
weapons. 

We can teach numerical trigonometry in 
the ninth grade because: 

a. Trigonometry, dealing as it does with 
symbols representing numbers, is a part of 
elementary algebra, which both correlates 
nicely with arithmetic and informal ge- 
ometry and forms one of the most interest- 
ing applications. 

b. It offers the student an opportunity 
to understand what is meant by indirect 
measurement in contrast to direct meas- 
urement where the unit of measurement is 
applied directly. 

c. It has various uses in surveying, in 
mensuration in general, and in elementary 
science. 

d. No other subject gives us such a good 
idea of our own infinitesimal nature in 
space about us. 

e. It can be readily simplified so as to be 
much easier than many algebraic topics 
which it displaces, is really more impor- 
tant, and certainly more interesting to the 
students. 

f. It does not need demonstrative geom- 
etry as a basis. Informal geometry will 
suffice. 

g. By giving a clearer conception of the 
nature of mathematics and its relation to 
modern life, it becomes a part of the equip- 
ment of the well-educated citizen, just like 
geography, elementary science, and the 
general principles of industry. 

3. Demonstrative geometry. If it is con- 
sidered desirable for a student who discon- 
tinues the study of mathematics at the 
end of the ninth grade to gain knowledge 


*® T. Perey Nunn, The Teaching of Algebra (New 
York: Longmans, Green and Company, 1914), pp. 19- 
20. See also Syllabus in Trigonometry (Albany: Uni- 
versity of the State of New York Bulletin, No. 1233, 
1942). 

26 Jbid., p. 20. 


of what it means actually to prove some- 
thing, he should be given an introduction 
to demonstrative geometry before he 
leaves the ninth grade. We know that 
some of our greatest mathematicians were 
not awakened to the’ beauty of mathe- 
matics until they studied geometry. Sir 
Percy Nunn once told me that he got his 
first real enthusiasm for mathematics 
when he came to the theorem, 7'he sum of 
the interior angles of a triangle is equal to 
180°. Since the tendency now seems to be 
to make mathematics elective after the 
ninth grade, it seems only reasonable to 
require an introduction to demonstrative 
geometry before the end of the ninth grade 
for these and the following reasons: 

a. Demonstrative geometry is not 
taught to show how to measure. Informal 
geometry will do that better. 

b. Solid geometry is not taught to give 
an idea of space relations. Trigonometry 
will do that better. 

c. The purpose in teaching some demon- 
strative geometry is suggested by the 
word demonstrative rather than by the 
word geometry. 

The point of view taken by the Mathe- 
matical Association?’ ought to satisfy 
everybody regarding the futility of trying 
to preserve Euclid’s treatment for all stu- 
dents even after the ninth grade in view of 
the character of the present high-school 
population. 


VI. GENERAL MATHEMATICS IN THE 
SENIOR HIGH SCHOOL 


The crowded condition of the freshman 
classes in some of the colleges and uni- 
versities suggests the advisability of fur- 
nishing more opportunities for a further 
pursuance of mathematics in the high 
school than is often the case. This may or 
may not lead eventually to a more serious 
consideration of the junior college in many 
places. In any case, the plan, if followed, 
would enable the colleges to secure a better 


27 The Teaching of Geometry in Schools. (London: 
Second Report, Mathematical Association [British], 
G. Bell and Sons, 1938), pp. 27-28. 
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trained group of entering students and to 
devote more of their time to some of the 
advanced aspects of the subject. The 
trouble has been that we have spent so 
much time on the elementary phases of the 
subject, trying to make sure that the stu- 
dent learns everything before he goes on, 
that we are not able to give him much in 
advance of what his ancestors had. As a 
result, a number of our colleges and uni- 
versities are teaching little in the first two 
years beyond high school work. A great 
deal of the material we have to learn has 
never been of value to us either in mathe- 
matics itself or in the allied fields. 

In the schools where such a junior high- 
school course as has just been described 
has been definitely planned and carried 
out, the normal high-school student who 
elects to go on in mathematics can, by con- 
tinuing through three more years of this 
type of work, finish everything up to and 
including the fundamental elements of the 
calculus by the time he graduates from the 
senior high school. 

The work of the last three years should 
also be of a general mathematics nature.?8 
Geometry should be the unifying thread 
in the tenth grade. Algebra, trigonometry, 
and the fundamental elements of analytic 
geometry should constitute the work of 
the eleventh grade. The fundamental 
ideas of advanced algebra, analytic geome- 
try, and the calculus should be presented 
in the twelfth grade 

If the work of the last three years is 
made elective, we shall see a decided in- 
crease in the quality of work done by stu- 
dents. The colleges can, to a greater extent 
than they do now, devote their time to 
more advanced parts of the subject. 
Everybody concerned will be better off, to 
say nothing of the better feeling that will 
exist in the public mind toward the sub- 
ject itself. 


The work of the tenth grade 
In the tenth grade, the more logical and 


28G. R. Mirick, ‘““A New Trend in Senior High 
School Mathematics,’ Teachers College Record (Feb- 
ruary, 1943), 44: 347-54. 


rigorous methods of demonstrative geome- 
try become the central theme, but we 
should keep algebra before the student 
constantly by means of algebraic applica- 
tions. In addition, we should take up 
many of the facts of solid geometry at the 
points where their analogy is most natural 
and easy. We should also introduce the 
student to problems connected with “life 
thinking” after the manner so well de- 
veloped by Fawcett.?° 

The purpose of the geometry course is 
to show the student the meaning of a 
demonstration, to enable him to have the 
satisfaction of proving something, to let 
him see the significance of mathematical 
precision and feel the joy that comes from 
discovering absolute truth. In other words, 
the work in geometry is the only course in 
deductive logic which a student can get in 
a secondary school. It is better than pure 
logic because it has in it figures that illus- 
trate the things that are said and done. If 
geometry is not taught to give a training 
in deductive logic or in the power to prove 
one’s own statements, or if it does not do 
both, then it is not worth teaching. 

In view of the pressure of time and the 
needs of the curriculum, it is clear that we 
can no longer justify in all schools separate 
courses in plane and solid geometry ex- 
tending over a year and a half. The tend- 
ency in many schools at the present time is 
to devote one year to the study of both, 
and to combine them properly for teaching 
purposes. 

The difficulty with the ordinary geome- 
try course in American high schools is that 
we have held too strongly to the systema- 
tizing motive and have given the students 
an unadulterated form of Euclid. We 
should profit by the suggestions of the 
Mathematical Association®® even though 
we need not imitate in every detail the 
practice which its report advocates. The 
British list is not so long as ours used to be, 
and it spreads the work out over a longer 


29 Harold P. Fawcett, The Nature of Proof (Thir- 
teenth Yearbook, National Council of Teachers of 
Mathematics, 1938). 

30 The Teaching of Geometry in Schools, op. cit. 
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period of time so that it is better under- 
stood. Our course must necessarily be 
somewhat uniform on account of the mo- 
bile character of the population, but it 
need not be so extensive as formerly. 

. Teaching geometry as the central fea- 
ture of the tenth-grade course in general 
mathematics is in some ways different 
from following the traditional plan in 
which a full year devoted wholly to alge- 
bra is followed by a year of plane geome- 
try. With the modern tendency to intro- 
duce algebraic notation and the study of 
simple formulas in the work of the seventh 
and eighth grades, and the increased 
emphasis placed in the ninth grade upon 
informal geometry, the teacher has a some- 
what different foundation upon which to 
build. Although the student is no longer 
confronted at the start with the feeling 
that he has everything to learn in a totally 
new science, particular attention must be 
paid, in bridging the gap between infor- 
mality and demonstration, to certain spe- 
cial difficulties. 

The results of teaching geometry can be 
improved by decreasing the number of 
theorems we teach, by concentrating on 
those propositions which are unquestion- 
ably fundamental, by recognizing the im- 
portance of original work, and by empha- 
sizing ability to demonstrate rather than 
the number of propositions studied and 
perhaps often memorized. Some teachers 
say that plane geometry cannot be taught 
in one year. This presupposes a definite 
amount of ground to be covered, which is 
a myth. We must remember that for some 
students a few propositions will suffice, 
while for others the number must be 
greater. 

In the tenth grade, the work in numeri- 
cal trigonometry taught in the ninth grade 
is reviewed and extended by giving more 
advanced problems in the solution of right 
triangles, some work in proving simple 
identities, and particularly an introduction 
to the solution of oblique triangles using 
the sine and cosine laws. A great deal of 
emphasis in the tenth grade is given to the 


different methods of attack and habits of 
studying. The student is familiar with in- 
ductive. deductive, analytic, synthetic, di- 
rect, and indirect methods of proof. By 
the end of the year we expect capable 
students to do a high type of work. 


The work of the eleventh grade 


The unifying principle of the eleventh- 
grade course in mathematics should be 
functional relationship*'—the notion of 
the dependence of one quantity upon an- 
other. In some schools and in some text- 
books, trigonometry, analytic geometry, 
and the calculus are introduced at this 
point to help bring this about. This shows 
that there is now a growing trend toward 
general mathematics in the senior, as well 
as in the junior, high school. Trigonome- 
try is strictly a senior high-school subject. 
Students generally like the subject when 
it is well taught and we have evidence to 
show that they do as well with it as do 
college freshmen two years later. 

Speaking of our present methods of deal- 
ing with trigonometry and the calculus, 
Nunn said: 


At present, it is usual to teach both of these 
as “subjects,” as distinct from algebra and dis- 
tinct from one another. The reason is easily 
found. The professional mathematician inter- 
ested chiefly in perfecting the technique of his 
subject, finds it natural as well as most effective 
to take a special group of allied methods or allied 
problems and to develop them as far as he can 
without concerning himself too greatly about 
the practical value of his work. Now this system- 
atic exploration of special arts of mathematics is, 
no doubt, of vital importance for the continued 
growth of the science. It does not, however, by any 
means follow that the branches of mathematics 
should be presented to beginners with the formal 
elaboration which is the inevitable mark of their 
treatment as separate subjects.” 


The work of the twelfth grade 


In the twelfth grade, college algebra, 
analytic geometry, and the essential ideas 
of the calculus should be correlated. It is 
interesting to find MacDuffee recently 


21H. R. Hamley, Relational and Functional Think- 
ing in Mathematics (Ninth Yearbook, National Coun- 
cil of Teachers of Mathematics, 1934). 

2 Ibid., p. 19. Italics added. 
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recommending such a course for the 
twelfth vear.# 

In regard to the calculus Nunn points 
out that, 


When we consider the position of the differ- 
ential and integral calculus, we have to protest 


against a tradition which forbids all but excep- : 
tional pupils to become acquainted with the | 


most powerful and attractive of mathematical 
methods.™ 


The fundamental elements of the calcu- 
lus should be taught in the high school to 
those who are able to understand it. There 
is a large number of students in the second- 
ary school for whom the calculus would be 
a welcome relief from certain other tasks 
they have to perform, provided always, of 
course, that the teacher not only knows 
the calculus but also how to present it to 
adolescent boys and girls. Some will, of 
course, say, “That is all well and good for 
trained mathematicians, but what of all 
the others who do not intend to be mathe- 
maticians?” The point is that we do not 
always know just what is ahead of each 
boy and girl, or into what field they ulti- 
mately may go; so we must observe a 
measure of caution in giving guidance to 
students. 


Alternative courses 


The demand for alternative courses is 
due to the wide differences that exist to- 
day, both in the work of the junior high 
schools and in the purposes of instruction 
in the senior high schools whose previous 
work in mathematics has been limited to 
arithmetic. The course for one group of 
students may have included general 
mathematics like that set forth in the first 
or second book of a modern junior high- 
school series, while another group may 
have taken courses that would prepare 
them to go to college or technical schools, 
and still others who intend to go into busi- 
ness or enter upon some other career may 
have had a different type of training. It 

3% C. C. MacDuffee, ‘What Mathematics Shall We 
Teach in the Fourth Year of High School?” Tae 


Martuematics Teacuer, XLV (January 1952), 1-9. 
Ibid., p. 20. 
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would be impossible for the traditional 
courses of study to meet the needs of all 
such groups. 

Due to the fact that there is no uniform 
practice beyond the tenth year in this 
country, it is hard to say just what courses 
will be offered in the eleventh and twelfth 
years. So it is fairly certain that unless the 
course in mathematics is developed along 
general mathematics lines, a great deal of 
time will be wasted. 

For the future mathematicians, there 
will probably be offered certain half-year 
courses that will be largely informational 
and basic. Chief among these are college 
algebra, analytic geometry, trigonometry, 
solid geometry, and the calculus.* 

There will also be offered in some senior 
high schools courses for those who are pre- 
paring to enter certain vocations. Thus, 
we may find certain schools offering a 
course in statistics for those who may later 
need such work, a course in mechanics for 
those so inclined, a course in commercial 
algebra or in commercial arithmetic, a 
course in social-economic arithmetic, and 


possibly a course in machine-shop mathe- 


matics. 
In a recent article Zant said: 


The custom prevalent in many of our high 
schools of putting the bright students in the 
algebra class merely because they can learn the 
traditional courses may not be the best for them 
or for the school. Such practice tends to cut 
down the efficiency and standards of the general 
mathematics course and the sequential courses 
may not fit the needs of the student unless he 
expects to study more advanced mathematics or 
some of the subjects which demand such knowl- 
edge. In other words, this does not solve the 
problem. It may merely penalize the bright 
student simply because he has more than the 
average intelligence. The thing to do is to 
strengthen the general mathematics course so 
that it will actually meet the needs of the non- 
mathematical scientific students and to point 
out to the students and to their parents that the 
course has different purposes or goals. The 
course should not be for “dumbbells” and, while 
it may not be as rigorously difficult as algebra 
or geometry, it can, if it is well organized and 


3% The Place of Mathematics in Modern Education, 
op. cit., pp. 112-19. 
3% Ibid., pp. 116-17. 
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administered, be just as challenging and for 
many students much more useful.*? 


VII. MATHEMATICS IN THE 
JUNIOR COLLEGE 


‘What the junior college might do to 
adapt its courses in mathematics to the 
students who finish the kind of course out- 
lined above is largely a problem for the 
colleges to solve; but there are some things 
that will add greatly to the chance of an 
early agreement on a course. In the first 
place, the secondary school teachers should 
get together and formulate more definitely 
than heretofore minimum courses for each 
year, setting up certain standards of at- 
tainment. Secondly, the college teachers 
should familiarize themselves with these 
courses, and, if they are satisfactory, they 
should build their college courses upon 
the secondary school courses as far as pos- 
sible. In this connection, I have never 
understood why the general mathematics 
courses in the colleges*® have not been 
more successful. Thirdly, we ought to 
have frequent visitations back and forth 
wherever possible to enable those on both 
sides to keep in mind just what is to be 
expected as a final outcome and how much 
is being done on each side toward making a 
proper contribution. 

The fact that the college courses are not 
a proper continuation of the secondary 
school courses has led to the loss of many a 
student’s time. Then, too, a great many 
colleges and universities fail to provide 
courses at the proper time for students 
who are ready and eager to go on, and 
often loss of time and gaps in instruction 
appear. It will be argued, of course, that 
proper adjustments are impossible be- 
cause of administrative difficulties, but it 
is not hard to conceive of a little better 
situation than we often find. 


37 James H. Zant, “‘What Are the Needs of the 
High School Student?” THe Mareemarics TEACHER, 
XLII (February 1949), 75-78. See also Wm. S. 
Tobey, ‘‘General Mathematics,” Tue \atuEematics 
Teacner, XX XIX (February 1946), 59-65. 

38 Kenneth E. Brown, General Mathematics in 
American Colleges (New York: Bureau of Publica- 
tions, Teachers College, Columbia University, 1943). 


The high school teachers ought to know 
what the college teachers expect and pro- 
ceed to teach it thoroughly and well. The 
college teachers ought to give the high 
school teachers credit for some intelli- 
gence and give the high school students 
who enter college new food for thought, 
even though they may not be perfect in all 
their earlier work. It is only when we come 
to understand each other through a sym- 
pathetic and co-operative study of the en- 
tire situation that we can really hope to 
obtain the best results. 

The Commission on Post-War Plans, in 
discussing mathematics in the junior col- 
lege, said: 

From the point of view of interest in mathe- 
matics, the student body of the junior college 
will divide itself into three major groups: Group 
J—those students who desire some knowledge of 
mathematics merely as a part of their cultural 
background; Group JI—those students who 
need a minimum of certain mathematical pre- 
requisites because of their desire to follow spe- 
cifie vocational interests; Group I7]—those stu- 
dents who have major mathematical needs be- 
cause they plan a career in some field such as 
engineering, natural science, or pure mathe- 
matics.** 


Wren, in discussing this matter, re- 
cently said: 


To these groups there should, of course, be 
added a fourth one, Group 1V—those students 
who, for one reason or another, feel that they 
have no interest whatever in mathematies.*° 


There is no question but that there is a 
definite trend to organize the curriculum 
along general mathematics lines. This is as 
true now of the first year of the college as 
it has been for some time in the secondary 
school. And this is as it should be, but 
some of us would like to see the job done 
better. 


VIII. SUMMARY 


The purpose of a course in general 
mathematics should be to obtain a vital, 
modern, scholarly course in introductory 
mathematics that may serve to give such care- 


39 Second Report, op. cit., p. 213. 

40 F, Lynwood Wren, ‘‘The Merits and Content of 
a Freshman Mathematics Course,”’ School Science and 
Mathematics (November 1952), p. 597. 
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ful training in quantitative thinking and 
expression as well-informed citizens of a 
democracy should possess. It is, of course, 
not asserted that this ideal can always be 
attained. Our achievements are not the 
measure of our desires to improve the 
situation. It is our purpose to present such 
simple and significant principles of in- 
formal geometry, arithmetic, algebra, for- 
mal geometry, trigonometry, practical 
drawing, and statistics, along with a few 
elementary notions of other mathematical 
subjects, the whole involving numerous 
and rigorous applications of arithmetic, as 
the ordinary person is likely to remember 
and to use. There should be an attempt to 
teach students things worth knowing and 
to discipline them rigorously in things 
worth doing. 

The argument for a thorough reorgani- 
zation need not be stated here in great de- 
tail. But it will be helpful to enumerate 
some of the major errors of secondary- 
mathematies instruction in current prac- 
tice and to indicate briefly how general 
mathematics attempts to improve the 
situation. The following points serve to 
illustrate its purpose and program: 

1. The conventional mathematics course 
in the ninth grade is characterized by 
excessive formalism, and there is much 
drill work largely on nonessentials. Such 
work is greatly reduced in general mathe- 
matics and the emphasis placed on those 
topics concerning which there is general 
agreement, namely, function, equation, 
graph, and formula. The time thus gained 
permits more ample illustrations and ap- 
plications of principles and the introduc- 
tion of more significant material. 

2. Instead of crowding the many difficul- 
ties of the traditional geometry course into 
one year, geometry instruction is spread 
over the years that precede the formal 
course, and the relations are taught in- 
formally by experiment and by measure- 
ment. Many foreign schools and an in- 
creasing number of American schools 
proceed on this common-sense basis. This 
gives the student the vocabulary, the 
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symbolism, and the fundamental ideas of 
geometry. If the student leaves school or 
drops mathematics, he nevertheless has 
an effective organization of geometric re- 
lations. On the other hand, if he later pur- 
sues a formal geometry course, he can 
work far more effectively, because he can 
concentrate on the logical organization of 
space relations and the formal expression 
of these relations. 

3. Particular emphasis should be given 
to graphical representation and statistics, 
The growing complexity of social life 
makes it necessary that the intelligent 
general reader possess elementary notions 
of statistical methods. The hundreds of 
articles in the current magazines so ex- 
tensively read demand an elementary 
knowledge of these things in order that the 
student may not remain ignorant of the 
common, everyday things of life. 

4. The teaching of algebra, geometry, 
and trigonometry in separate fields is an 
artificial arrangement that does not per- 
mit the easy solution of problems met in 
the physical sciences, biological sciences, 
industrial arts, and fine arts. To reject the 
formalism of algebra, to delay the de- 
mands of a logical unit in geometry, and to 
present the simple principles of the various 
branches of mathematics early in the 
course opens the door to a greater variety 
of problems that are real. The student thus 
sees that treating the facts of quantity is 
useful. Power is gained because the stu- 
dent is equipped with more tools, in that 
the method of attack is not limited to one 
field. 

While the emphasis at first should be 
placed largely upon algebra, the emphasis 
in the later work is placed principally upon 
geometry. At the same time, however, the 
earlier work in arithmetic, algebra, and 
trigonometry is kept before the student by 
means of reviews and applications, and 
enough new material is introduced to give 
to the student that knowledge of the 
fundamentals of these subjects which he 
should have at the end of the tenth grade. 

The fundamental laws and operations 
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of arithmetic are kept before the student 
by their uses in connection with the de- 
velopment of formulas, new topics in 
algebra, and applied problems. 

Algebra is reviewed and extended by 
the application of algebraic notation to 
geometric situations, by the introduction 
of new topics as the solution of quadratic 
equations by formula, and by the work on 
fractions and trigonometric identities. 

At present most students leave school 
without an adequate conception of the 
spatial relations about them, and for this 
reason the fundamental ideas of lines and 
planes in space are included in the tenth- 
grade course. Plenty of time can be saved 
for this work by the unification of the vari- 
ous subjects, and by the elimination of 
many topics that heretofore have been 
included in the different branches of 
mathematics when taught separately but 
which are unnecessary and too difficult in 
a course in general mathematics. 

In addition, a simple introduction to the 
most elementary type of analytic geome- 


try can be given in the tenth grade in 
order that the student may gain some 
familiarity with the idea of the corre- 
spondence existing between an equation 
and a line of the plane, and may recognize 
the type of conic represented by an equa- 
tion of the second degree. 

The aim of the general mathematics 
course is to give the student not so much 
mathematics as is generally given in the 
traditional courses, but more about mathe- 
matics. 

With such an aim it has been possible to 
arrange the general mathematics course 
so as to make unnecessary the long tedious 
reviews that are so often given in tradi- 
tional courses, and to save the time thus 
spent for the introduction of new and in- 
teresting material. Throughout the entire 
course, a special effort is made to impress 
the student with the various uses that are 
made of mathematical laws and principles 
in everyday life, and many exercises which 
show the practical uses of geometry are in- 
cluded. 


Fifth annual conference—Michigan 
Council of Teachers of Mathematics 


The fifth annual conference of the Michigan 
Council of Teachers of Mathematics will be held 
at St. Mary’s Lake Camp, near Battle Creek, 
on April 30, May 1, and May 2, 1954. Registra- 
tion will be held on Friday afternoon, April 30, 
and the meeting will close with dinner on Sun- 
day, May 2. 

The program committee has designated 
“Developing Interest in Mathematics” as the 
theme of the conference. Professor Maurice L. 
Hartung of the University of Chicago and Pro- 
fessor J. Sutherland Frame of Michigan State 
College will be guest speakers. Dr. Hartung will 
serve as consultant throughout the conference. 
There will be exhibits, demonstrations, and dis- 
cussion groups prepared or conducted mainly by 
classroom teachers from Michigan schools. The 
topics for the discussion groups cover a wide 


range of interests from the arithmetic of the 
elementary grades to the mathematics of the 
junior college. 

In addition to the fine program which is 
being prepared, the camp affords excellent rec- 
reational facilities. This is the best opportunity 
Michigan affords for its mathematics teachers to 
get acquainted, exchange ideas, and have a good 
time together. All mathematics teachers, 
whether in public or private schools, are invited 
to attend for the full duration of the conference 
or for as much of it as they can. 

The camp is beautifully located on St. 
Mary’s Lake. It has accommodations for about 
150 persons. Meals are served in the main dining 
hall and there are dormitory-type sleeping ac- 
commodations. The charge is modest. The best 
way to be assured of accommodations is to send 
in reservations early. Inquiries and reservations 
may be sent to Miss Bertha Schermer, Grosse 
Pointe High School, Grosse Pointe, Michigan. 
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The arithmetic of growth 


H. C. TRIMBLE, Jowa State Teachers College, Cedar Falls, Iowa, 
describes some junior high-school concept-building activities 

for ratio; however, senior high-school teachers will find 

these activities useful. The author believes that 

“the time has come to try to build the concept of ratio 

by providing guided experiences prior to abstract definitions.” 


Every junior high-school teacher knows 
how hard it is to instill the concept: The 
same per cent of different amounts yields 
different answers. Twenty per cent of 50 
is 10; but 20 per cent of 60 is 12. 

As I teach college students, I realize 
that the natural consequences of this idea 
are still hard for this select group. Students 
of college trigonometry find it hard to 
grasp the abstract definition of a loga- 
rithm. Many students who seem to master 
this definition in trigonometry fail to ap- 
ply it successfully in chemistry or even 
in the mathematics of finance. When it 
comes to using semi-logarithmic paper 
(as an aid to interpreting time series in 
economic statistics, say), even the bright- 
est students seem to be relearning the 
concept of a logarithm almost as if they 
were meeting it for the first time. 

I believe we have failed to teach the 
idea of ratio. I believe we can help many 
pupils to get this important idea in a 
usable form. 


CONCEPT-BUILDING ACTIVITIES 


The initial steps in tying the idea of 
ratio to the nerves and muscles of the 
learner have been presented elsewhere.! 
Further activities are implicit in the 
mathematical literature. It is because 
these references are scattered and not 


1“Fractions Are Ratios Too,” The Elementary 
School Journal, XLIX (January, 1949), 285-91. “An 
Idea,” Tue Maruematics Teacner, XLI (January, 
1948), 36-38. 


organized for use with junior high-school 
boys and girls that I adapt them to our 
present purposes here. 

The first two activities may seem rou- 
tine to you. I hope you will consider the 
possibilities they offer for leading junior 
high-school boys and girls to discover con- 
cepts that most college students lack. 

1. A boy has $10.00 in his savings ac- 
count. He saves an extra $1.00 at the end 
of each week. Complete the table that 
shows the accumulation of his savings: 


| Increase over 
Savingsto, Previous Amount 
Date 


Week o 
No. 


1 
2 
3 
4 
5 
6 
7 
20 


| 
| 
| 
| 


% 


$10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 


Beginning | 


| 


| 
Ne NWR O 


21 


40 
41 


to 
om 


An eighth-grade pupil who completes 
this table may get no more than drill in 
calculation. Yet with the guidance of a 
good teacher, he may reach several con- 
clusions by induction: 
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| 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
29.00 1.00 | 
30.00 1.00 
49.00 1.00 


(a) Although the amount of the change 
is always $1.00, the per cent change 
grows less and less. 

(b) A constant change of $1.00 makes 
less and less relative difference as 
the base increases. 

(c) If Lextend the table far enough, the 
per cent change will become very 
small indeed. (Its limit is zero.) 

2. A boy has $10.00 in his savings ac- 
count. He uses this money to buy packages 
of seeds. Then he sells the seeds at a 10% 
profit. Suppose that it takes him just one 
week to sell all the seeds that he can buy 
with the money he has at the beginning 
of the week (his capital). Complete the 
table that shows the accumulation of his 
capital as he continues in this business: 


Increase over 
Previous Capital 


% | §$ 


00 | 
‘00 
10 
3.31 
64 33 
5.10 
71 61 


Beginning | 
” | Capital to 
Week of | Tate | 


No. 


1 
2 
3 
4 
5 
6 
7 


5.56 
6.12 


61.16 
21 67.28 


37.41 
41.15 


40 411.47 
41 452.62 


Again the eighth-grader who completes 
this table may get no more than drill in 
calculation with rounded numbers. Yet 
the teacher who takes full advantage of 
the possibilities for discovery may lead 
this pupil to find out for himself that: 

(a) Although the per cent change is 
always 10%, the amount of the 
change grows more and more. 

(b) A constant change of 109% makes a 
larger and larger increase in the 
capital as the capital grows larger. 

(ec) If I extend the table far enough 
the amount of the weekly change 


(and the capital itself) will grow 
very large indeed. (It will become 
infinite.) 

The next three activities may seem very 
unorthodox to you. I hope you will ana- 
lyze them and ask: Are they worth while? 
Could they be made interesting to ninth- 
graders? Are they too hard for the boys 
and girls I teach? 

3. Prepare a graph to display the growth 
of $1.00 into $2.00 by steps of 6%. This 


n~ = 
s 
9 10 


Step Number 


Figure 1 
The growth of $1.00 into $2.00 by 6% steps. 


involves making a table first. Notice that 
the steps (or increments, as we would 
call them) are of increasing size. Notice 
that the series of amounts, 1.00, 1.06, 
1.12, ..., 2.01 is a geometric series. Each 
term is 1.06 times the preceding one. No- 
tice that the scale formed by spacing these 
numbers equally along the axis of abscissas 
is really a logarithmic scale (the more and 
more widely used slide-rule scale). At this 
stage the teacher would try to get the 
pupils to discover some of these points of 
interest about the graph. She would urge 
the pupils to state their findings in their 
own words. She would avoid any formal 
definition of terms at this concept-forma- 
tion stage. 

4. Draw a line 10 inches long and mark 


The arithmetic of growth 181 


2.0 } 
18 
“7 ‘A 
46 5 ‘A 
A 
* 
$1 5 a 
| 
(Amounts) 
1 4 
4 


it off in 40 }-inch units. Use labels along 
the line to represent years from 0 to 40. 
Write along the line the amounts, after 0 
years, | year, 2 years, up to 40 years, of 
$1.00 that earns 6°; interest compounded 
yearly. 

When vou finish this, find the points 
1, 2, 3, up to 10 on the second scale. Pre- 
pare a separate scale to display these points 
in a less cluttered picture. 


wear 
‘ 


Seek 


3 
3 
3 
3 
2. 
2 
2 
2 
2 


Se 


& *® & = «& 


Figure 2 


Logarithmic scale from 6% compound interest. 


You should examine the accompanying 
chart. Of course, a teacher assigning this 
problem would give directions gradually 
rather than all at once. In fact the teacher 
would try to get suggestions as to the 
next steps from the pupils themselves. 


Notice the emergence of the logarithmic 
scale without any mention of logarithms 
as related to exponents. Notice the dis- 
tance relationships that pupils can be led 
to discover on this scale. Distance 1 to 
2=distance 2 to 4=distance 3 to 6=dis- 
tance 4 to 8=distance 5 to 10 is a starter. 
This is the scale on which equal distances 
represent equal per cent changes. This is, 
in fact, a logarithmic scale. 

5. Use the scale of Problem 4 to straight- 
en out the curved-line graph of Problem 3. 


123¢5 6789 10 iz 


Step Number 


Figure 3 


The growth of $1.00 into $2.00 by 69% steps. 


The scale on the axis of ordinates is 
really a logarithmic scale. When you plot 
the amounts on this logarithmic § seale, 
the compound-interest graph takes on the 
appearance of a simple-interest graph. 
This is not surprising because increase at 
a given rate produces constant incre- 
ments on the logarithmic scale. 

Notice that plotting is clumsy because 
the paper is divided arithmetically. This 
would be a good chance to invent semi- 
logarithmic ruling of graph paper. 

Notice that the scale of Problem 4 was 
too small to make the graph of Problem 
5 look right. So the person who drew 
the graph doubled each distance. This 
change of seale is like changing the base 
of the system of logarithms you are using. 
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2.29 
#O 10 
8.64 9 2. 
3 
35 7.09 
7 
6.45 ‘ 
6.09 é 
30+ 5.7% 3 
5.42 
£ 
4.82 
25 4.2: 
1.0 
20 4 0 
2 
40 
Ss 


I believe this would be a good approach 
to change of base in teaching logarithms. 


SUMMARY AND EXTENSION 


The ratio idea belongs in the realm of 
general education. Its application to every- 
day problems in the twentieth century 
will become obvious to anyone who takes 
a close look. But most of us spend more of 
our time interpreting numbers that come 
to us already arranged than in arranging 
numbers for ourselves. 

We need to understand ratio scales to 
interpret the graphs that economists 
give us, the scales of hardness that physi- 
cal chemists use, the hydrogen-ion con- 
centration of acids in the chemistry lab, 
and the impact of compound interest 
upon American life. 

So whether we intend to use ratios to 
investigate our environment as scientists, 
or merely to evaluate the ideas that the 
scientists keep piling up, we need to under- 
stand growth and decay by a constant 
ratio as well as we understand growth 
and decay by a constant amount. 

The five illustrative problems suggest 
activities for boys and girls. Within the 
context of one of these problems a pupil 


may discover a concept. That is merely 
to say that he finds an idea that calls for 
a new word. The sensitive teacher will 
know when to provide such new words: 
ratio of increase, capital (as money that 
can be used to earn more money), semi- 
logarithmic graph paper, and the like. 

I hope that these problems will suggest 
others. For example: problems dealing 
with decay or shrinkage at a constant 
rate (a ball that bounces back to three- 
fourths the height it fell would do); prob- 
lems dealing with rates (and with the 
special kind of rates that we call ratios) 
that lead to work with proportions?; and 
the like. 

I claim that we have failed in our efforts 
to teach the ratio idea deductively by dis- 
missing ratios as merely indicated di- 
visions, by introducing logarithms as an 
amusing off-shoot of the theory of expo- 
nents, and the like. I believe the time has 
come to try to build the concept of ratio 
by providing guided experiences prior to 
abstract definitions. 

2? William Addison Neiswanger, Elementary Sta- 
tistical Methods (New York: The Maemillan Co., 
1943), pp. 185-98. H. C. Trimble, F. C. Bolser, and 


T. L. Wade, Jr., Basie Mathematics for General Educa- 
tion (New York: Prentice-Hall, Inc., 1950), pp. 202-6. 


Detective story 


By Katharine O’Brien 
Deering High School, Portland, Maine 


An equation is like a mystery thriller, 
It grips you once you’ve begun it. 

You are the sleuth who stalks the killer, 
X represents whodunit. 


The scene of the crime must first be cleared, 
The suspects called into session, 

The cross-examination geared 
To wring from X a confession. 


If the case is baffling and hard to crack, 
A grilling with Newton or Horner 
Will put you on the proper track 
For trapping X in a corner. 


The perpetuation of errors 


“Next time you have occasion to toss for 
something remember this: if you are the one who 
calls, the chances are 3 to 2 against you. Seven 
out of 10 people will cry heads. Heads, of course, 
will turn up only 5 out of 10 times, so if you let 


your opponent call you have far the better 
chance of winning.’’—Leo Guild (The Wizard of 
Odds), What are the Odds? Pocket Books, Inc. 
Rockefeller Center, New York, 1949, p. 28, and 
the Reader’s Digest, August, 1950, p. 132. 
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@ DEVICES FOR THE MATHEMATICS CLASSROOM 


Edited by Emil J. Berger, Monroe High School, St. Paul, Minnesota. 


A simple multiple purpose 


dynamic device 


Contributed by Frances Ek, Mechanics Arts High School, St. Paul, Minnesota 


This device is unique because of its sim- 
plicity and its possibilities. It consists of 
three narrow sticks of wood; two of these 
are 8” long, and the other is 6” long. The 
6” stick is painted red, and the 8” sticks 
are painted so that each has a 6” section 


that is blue and a 2” section that is white. 
The sticks are joined with two brads as 
indicated in the illustrations of Figure 1. 
The heavy filled-in section in each of the 
five illustrations shown is the part that is 
colored red; the candy-striped sections are 


wv 


Figure 1 
The figure shows five concepts that may be illustrated with the multiple purpose dynamic device; 
tsosceles triangle (1), equilateral triangle (II), vertical angles (III), interior angles on the same side of 
a transversal (IV), and alternate interior angles of parallel lines (V). 
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the parts that are painted blue, and the 
unshaded or open sections are those that 
are painted white. 

This innocent-appearing device may be 
used to illustrate a variety of definitions, 
some of which are reproduced in Figure 1. 
With it one can form a straight angle, 
acute angle, obtuse angle, right angle, re- 


Blackboard compasses 
that every student can afford 


flex angle, acute triangle, obtuse triangle, 
right triangle, equilateral triangle, and an 
isosceles triangle. Other concepts that may 
be illustrated with it include alternate in- 
terior angles of parallel lines, interior an- 
gles on the same side of the transversal, 
vertical angles, an exterior angle of a tri- 
angle, and a perigon. 


Contributed by Kenneth Walters, Colon, Michigan 


Recently when this contributor took 
over a class in high-school plane geometry, 
he discovered that his pupils had no black- 
board compasses at their disposal. Since 
procurement of commercially produced 
compasses for all students in the class ap- 
peared to be prohibitively expensive, it 
was decided to see whether suitable com- 
passes could be created from simple inex- 
pensive materials. The compasses that 
were produced have since served their 
purpose very satisfactorily, and the total 
cost of the materials used for compasses 
turned out to be less than fifteen cents. In 
addition, it can be reported that the time 
required to build one pair of compasses 
was negligible, and no special skill in wood- 
craft was necessary to complete its con- 
struction. In fact, the task turned out to 
be so easy that most of the students made 
their own compasses. Thinking that other 
teachers of plane geometry might be in- 
terested in this happy and economical 
solution to the problem of providing a 
class with blackboard compasses this 
teacher decided to submit a résumé of his 
experiences in this connection to THE 
MartuemMatics TEACHER for inspection by 
fellow readers. 

Materials needed to produce one pair of 
compasses include the following: 

2 strips of ordinary wooden screen 

molding, each 1’ long 


threaded machine bolt, ?” in diameter 
and 1” long 

1 wing nut to fit the 3” bolt 

2 washers to fit the bolt 

1 small rubber cane tip 

1 regular length piece of chalk 

1 short piece of cord. 

As already indicated the construction 
procedure is very simple. Begin by placing 
the flat surfaces of the two pieces of mold- 
ing together and drilling a }” hole through 
both pieces about }” from one end. This 
done, select one of the strips and taper its 
second end along both edges. Since this 
end is to be capped with a small rubber 
cane tip, the amount of tapering necessary 
must be determined accordingly. If the 
taper is begun about 1” above the end of 
the stick, the resulting shape should be 
about right. 

On the corresponding end of the second 
strip fashion a groove about 4” in length 
along the middle of the flat side. This little 
task may be accomplished with the aid of 
a coarse rasp or rat-tailed file (Figure 2). 
After the groove has been formed, cut 
notches on both long edges of this strip in 
two places; one set of notches should be 
cut at a distance of 1” from the end carry- 
ing the groove and the other set should be 
2” from this end (Figure 2). Finally, place 
a piece of chalk in the groove so that about 
3” of its length extends beyond the strip, 
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groove 


Figure 2 


Diagrams of the wooden strips that form the arms 
of the blackboard compasses. 


notch the surface of the chalk slightly at 
positions calculated to correspond with 
the notches in the wooden strip, and, 
while holding both together firmly, bind 
the chalk to the strip with a piece of cord 
(Figure 3). Insert the 3” bolt in the holes 
drilled in the two wooden strips, fasten the 
strips together with the washers and wing 
nut, and the compasses are complete. 


Figure 3 


Completed blackboard compasses. 


At first thought one might think that 
compasses With arms that are only 1’ long 
are too small to draw circles that will be 
sufficiently large for all blackboard work, 
but if one reflects for a moment on the con- 
struction of this instrument he will realize 
that this pair of compasses can be used to 
draw circles that are 4’ in diameter, not 2’ 
as is often supposed. This is certainly large 
enough for all possible classroom needs. 


A tetrahedron with planes bisecting 


three dihedral angles 


In proving the theorem which states 
that a sphere can be inscribed in a tetra- 
hedron, it must be shown that it is possible 
to locate a point which is equidistant from 
all four faces of the tetrahedron. From a 
logical point of view the usual proof pre- 
sented in textbooks on solid geometry is 
fairly straightforward and most students 
of the subject are able to follow it without 
difficulty; in fact many of them are able 
to complete this proof for themselves. 
However, this is one of those situations in 
which the actual proof of a fact does not 
always convince students of its truth. The 
department editor’s experience with this 
particular theorem has been that “‘seeing,”’ 
much more so than ‘‘proving,”’ seems to be 
the key to establishing the reasonableness 
of this theorem. 

If the model illustrated in Figure 4 is 


By Emil J. Berger 


presented to students following a consider- 
ation of the proof referred to above, it 
often provides just the link which they 
may need to help them fill in the details of 
the mental picture they have constructed 
for themselves. A little sidelight that seems 
worth mentioning in this connection is 
that those students who are able to pursue 
the proof of this theorem by themselves 
many times are the most dubious with re- 
spect to the reality of the fact. The case of 
the boy who built the model illustrated in 
Figure 4 is an example. He originated this 
device partially because he thought there 
must be more to this problem than the 
proof indicated. When he had satisfied 
himself that he understood the proof given 
in his textbook he announced, “I don’t be- 
lieve it can be done!’’ At any rate, good 
students examine this particular model 
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Figure 4 
A tetrahedron with planes bisecting three dihedral 
angles. 


much more critically than do those who 
need extra hints and leads to enable them 
to understand the proof. 

The model we propose is a tetrahedron 
in which the bisectors of three dihedral 
angles are represented by planes made of 
string (Figure 4). The base of the model is 
made from a piece of wood 3” thick. It has 
the shape of an equilateral triangle which 
is 10” on a side. In the accompanying 
illustration this part of the model corre- 
sponds to the thin dark-colored piece of 
board which is identified with the letters 
A, B, and C. The grey-colored box on 
which it rests is not part of the model. 
Figure 5 shows a top view of the base. 
Note that points A, B, and C are so 
located that AB=BC=AC=8". When 
building the model }” holes sloping 
slightly toward the vertices of the outer 


triangle should be started at these three 
points but not drilled through. In between 
each of the pairs of points, A and B, B and 
C,and A and C, thirty holes }” in diameter 
should be drilled through and cleared of 
ail loose slivers and shavings. 


Figure 5 


Top view of the base of the model shown in Figure 
VA 


The lateral edges AP, BP, and CP are 
pieces of round dowel 3” in diameter and 
113” long. They are spliced together at P 
with small nails and wood glue in such a 
way that the vertex P appears to be a 
point. The other ends of the dowels are 
fitted into the 3” holes drilled in the base 
at A, B, and C, and fastened with wood 
glue. 

The three planes ABD, ACF, and CBE 
which serve as the bisectors of the dihedral! 
angles P-AB-C, P-AC-B, and P-CB-A re- 
spectively are made of string. Their con- 
struction may be effected without dif- 
ficulty onee the points FE, F, and D are 
located on the dowels on which they ap- 
pear in the illustration. Without discussing 
the details of a secondary device we men- 
tion that these points may be located by 
making use of an ordinary 180° protractor 
set into a piece of cardboard in such a way 
that the plane angle of the dihedral angle 
formed by the two pieces is a right angle 
(Figure 6). For example, suppose one lets 
A’B’ coincide with edge AB of the tetra- 
hedron; then D will be the point on CP at 
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which CP pierces the plane of A’B’XY 
when this plane bisects dihedral angle 
P-AB-C. 


X 


Figure 6 
Device for finding the bisector of a dihedral angle. 


The parts of the model which are la- 
beled as lines AF, BD, and CE are flat 
pieces of wood }” wide and 3/16” thick. 
Their lengths depend on the positions of 
the points D, EF, and F. Each has 30 holes 
drilled through it at equal intervals and is 
held in place with wood glue. 

By this time it should be obvious to the 
reader that the bisecting planes referred to 
above are determined by the pairs of lines 
AC and AF, AB and BD, and BC and 
CE, and that the construction of these 


planes may be effected by stringing cord 
between each of the pairs of lines named. 
In the model shown in the illustration each 
plane is made from string which differs in 
color from that used for either of the other 
two. This little detail makes it possible to 
locate the various lines of intersection 
without difficulty. 

Students who examine this model derive 
a great deal of satisfaction from actually 
seeing that the common intersection point 
of the three string planes “‘appears”’ to be 
equidistant from the four faces of the 
tetrahedron. Usually such informal in- 
spection is sufficient to convince the 
doubtful that a sphere can be inscribed in 
a tetrahedron, but this editor has on occa- 
sion seen students resort to making actual 
measurements of the distances in question. 

As with many teaching aids of this type 
it is hard to assess the real value which the 
use of this aid may have, but whenever it 
has been introduced in the learning situa- 
tion it has received close scrutiny from 
many students. 


1 

Anyone who has a learning atid which he 
would like to share with fellow teachers ts in- 
vited to send this department a description 
and drawing for publication. Or if that 
seems too time-consuming simply pack up 
the device and mail it. We will be glad to 
originate the necessary drawings and write 
an appropriate description. All devices sub- 
mitted will be returned as soon as possible. 
Send all communications to Emil J. Berger, 
Monroe High School, St. Paul, Minnesota. 


“You Will Like Geometry’’—now available 


Dr. Karl Menger, professor of mathematics 
at Illinois Institute of Technology, today an- 
nounced the second printing of his pamphlet, 
which is used as a guide to the Illinois Tech 
geometry exhibit at the Museum of Science and 
Industry, Chicago. 

The booklet received favorable reviews in 
the United States and England when it first was 
published in January, 1952. 

In the introduction to “You Will Like 
Geometry,’’ Dr. Menger writes, ‘“ ‘Impossible,’ 


you say, ‘Geometry is a bore. It has been dead 
and petrified for centuries.’ 

“But you are wrong. Geometry is amazing 
and ingenious and beautiful and profound; and 
most important, it is alive and growing. 

“Just follow the growth of the geometric 
world of plane figures through the ages.” 

Following this invitation, Dr. Menger uses 
simple drawings and language in presenting 
the world of geometry in practice and in 
theory. 
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@ MATHEMATICAL MISCELLANEA 


An excellent sonnet and a continuation of the series of articles 

on how to construct conics with theme paper and a ruler are presented 

by the editors of this department, Paul C. Clifford, State Teachers College, Montclair, 
New Jersey, and Adrian Struyk, Clifton High School, Clifton, New Jersey. 


Sonnet for the geometric mind 
By Cynthia Lovelace 


The flaming globe spins high its orbic course 
Upon the sky-blue atmospheric plane 
While earth pursues the locus of its source 
Of warmth and light and life for the mundane. 
From cement parallels the elm trees grow 
In leafed parabolas that arch before 
Symmetric houses, and through foliage show 
An angled roof above each square topped door. 
The rustic squares of land bake in the sun 
With fences ruling rows of fresh turned sod 
And from the graphic real, where it’s begun, 
The country church points spires up to God. 
Ah, what a geometric world is this—! 
All life—no more than an hypothesis! 


FRIEND, GO UP HIGHER 


It is seldom that an editor will consign 
his comments to any but the lead-off spot. 
However, we feel that this poem was some- 
thing we had better follow, not precede. 
It was sent in by Grace Broughton and 
Catherine Curtis who are Cynthia’s teach- 
ers of mathematics at Chatham Hall, 


Chatham, Virginia. We were so pleased 
with Cynthia’s poem that we proudly 
showed it to one of our colleagues—a pro- 
fessor of English—who commented, ‘This 
is too good for a mathematics magazine.” 
We disagree, but admit that it is better 
than anything this editor has to say. 


Theme paper, a ruler, and 


the central conics 


Although the hyperbola has already 
been dealt with separately in this series of 
notes on sketching the conics, it will here 
be considered along with the ellipse. With 
slight variation the procedure to be de- 
scribed and illustrated yields either of 
these two curves. As before, the only 
instruments required are a ruler and com- 
position paper. 


By Adrian Struyk 


Figure 1 shows a well-known graphical 
method of inscribing an ellipse in a paral- 
lelogram. The contact points of the ellipse 
are the midpoints of the sides of the paral- 
lelogram. In the diagram the points A, A’, 
B, B’ bisect the sides of parallelogram 
EHKL. HE, KL, and AA’ are divided 
into the same even number (say 2n) of 
equal parts. The points 1, 2,..., 1’, 2’, 
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. Which effect this division, used with 
B and B’, determine lines which, when 
correctly paired, intersect on the desig- 
nated ellipse. 

A procedure for executing this layout 
on composition paper is illustrated in 
Figure 2. On the work sheet choose five 
rulings J), ...l; which determine four 
sets of n spaces. (For convenience take 
n=3 or 4 or 5.) Draw HE from 1, to ls, 
cutting /, at A. Draw AA’ from I: to l;, 
cutting /; at O, the center of the parallelo- 
gram. Lay the ruler across H and O, and 
mark Z on /;. Through L and A’ draw LK 
from /; to /;. Draw HK and EL, respec- 
tively cutting /; at B and 1, at B’. Quadri- 
lateral EHKL is then a parallelogram. Its 
sides and its medians AA’ and BB’ are 
divided into 2n equal parts by their points 
of intersection with the rulings on the 
work sheet. After numbering these points 
of division as shown in the figure (where 
n=4), points on the elliptical are AB are 
determined by pairs of intersecting lines 
as follows: B1’ and B’1, B2’ and B’2, B3’ 
and B’3, (ete. if n>4). These points, to- 
gether with the end points A and B (where 
the curve is tangent to EH and to HK), 
permit accurate sketching of this portion 
of the curve. Ares AB’, A’B, A’B’ of the 
ellipse are obtained by working similarly 
in the remaining quadrants of the paral- 
lelogram. 

In order to justify the above procedure 
we may make use of the equation of the 
ellipse. For both rectangular and oblique 
axes through the center of the curve this 
equation takes the form 


(1) Bar? = 


In Figure 3 let OX and OY be axes of 
reference through the center and parallel 
to the sides of the parallelogram. Point 7 
on OA and point 7’ on AH represent a cor- 
responding pair of the numbered division 
points. Hence Oz is a certain fractional 
part of OA, and H7’ is the same fractional 
part of HA. Let this fraction be c, so that 
we may write 


Oi =ca, Hi’ =cb, 


Figure 1 


where 2a and 2b denote the lengths of AA’ 
and BB’ respectively in parallelogram 
EHKL. Lines Bi’ and Bi meet at a point 
P of the curve under investigation. Lines 
through P parallel to the axes determine 
the co-ordinates of P. These and other 
necessary lengths are marked on the figure. 
From similar triangles 7OB’ and B’MP 


(2) ca/b=x/(b+y). 
From similar triangles 7’HB and BNP 
(3) =(b—y)/z. 


Dividing (2) by (3) eliminates c. Clearing 
of fractions and rearranging, we obtain 
(1), showing that the locus of P is the re- 
quired ellipse. 

Another way to justify the procedure of 
Figure 2 is to use parallel projection, pro- 
vided it is admitted that such projection 
transforms a circle into an ellipse. Con- 
struct a square FHKL. Divide EH, KL, 
and the line AA’ joining their midpoints, 
into 2n equal parts. Use these points of 
division with B and B’, the midpoints of 
HK and EL, in the manner prescribed for 
Figure 2. Then, using the notation of 
Figure 3, it is easy to prove that the right 
triangles OB’ and 7’HB are congruent. It 
follows that ZB’PB is a right angle. 
Hence the locus of P is a circle which has 
BB’ as diameter and is inscribed in the 
square. Parallel projection of the entire 
figure upon a plane oblique to the plane of 
the square results in a configuration such 
as Figure 1. All conditions laid down for 
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that figure are satisfied because of the 
nature of the projection. 

As indicated in the opening paragraph 
a suitable modification in procedure will 
yield a hyperbola instead of an ellipse. 


Consider Figure 4. Again, OX and OY are 
co-ordinate axes through the center and 
parallel to the sides of a parallelogram 
EHKL. OX bisects EH at A; OY bisects 
HK at B, EL at B’; OA=a, OB=b. On 
OA take a point 7, and on the extension of 
AH through H take a point 7’, such that 


0i/OA =Hi'/AH =e, 


where 


O<¢< I. 


Then 


Oi=ca, Hi’ =cb. 

Lines Bi’ and B’i meet at a point Q. Lines 
through Q parallel to OX and OY deter- 
mine the co-ordinates of Q. From similar 
triangles OB’ and B’MQ 


(4) ca/b=2/(b+y). 

From similar triangles 7’HB and BNQ 
(5) cbh/a=(y—b)/z. 
Elimination of ¢ from (4) and (5) yields 
(6) bx? —a®y? = —a°*b?*, 


the equation of a hyperbola tangent to 
HK and EL at B and B’ and having lines 
EK and HL as asymptotes. 

The foregoing considerations furnish 
the basis for drawing the hyperbola. Fol- 
low the procedure of Figure 2 until FHKL 
has been completed. Then extend EH and 
KL in both directions so that the four ex- 
tensions traverse n of the spaces formed by 
the work sheet rulings. (See Figure 5, 
where n=4.) The points where these ex- 
tensions cut the rulings take the place of 
the numbered points 1’, 2’, 3’, ... of 
Figure 2. Using these proceed systemat- 
ically as in the description of Figure 2 and 
as illustrated in Figure 5. 


We shall conclude this series with a 
fourth note, presenting additional methods 
for drawing a parabola. 
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@ HISTORICALLY SPEAKING,— 


Did you ever want to tell your mathematics class how the Romans wrote ‘large’? numbers? 
Phillip S. Jones, University of Michigan, Ann Arbor, Michigan, supplies 

some usable and interesting information concerning Roman numerals. He also tells 

why dentists “extract teeth” and mathematicians “extract roots.” 


“Large” Roman numerals 


George Janicki of Elm School, Elmwood 
Park, Illinois, commented at a_ recent 
meeting that his junior high-school stu- 
dents had become excited about writing 
their home addresses and phone numbers 
in Roman numerals. However, they had 
become a little frustrated by the large 
numbers to be found in a big city’s house 
and telephone numbers. 

This suggested that a few comments on 
Roman numerals, especially devices for 
writing large numbers with them, might be 
helpful to teachers, particularly to those 
without library resources.' 

The ultimate origins of Roman numerals 
are actually unknown, and the theories 
concerning them, though interesting, are 
so numerous that to retell all of them 
would take more space than is available 
here. Further, use of Roman numerals 
continued with many modifications for 
centuries after the fall of Rome so that one 
can always quibble over what was a 
“Roman numeral” and what was a medi- 
eval modification of the symbolism of the 
ancient Romans. 

1 This note is based largely on D. E. Smith, His- 
tory of Mathematics (Boston: Ginn and Co., 1925), 
Vol. II, pp. 654-64, a work which could well be in 
every high-school library, and Florian Cajori, A His- 
tory of Mathematical Notations (Chicago: Open Court 
Publishing Co., 1928), Vol. I, pp. 30-37. Also used 
were L. C. Karpinski, The History of Arithmetic 
(Chicago: Rand MeNally & Co., 1925), and G. Fried- 
lein, Die Zahlzeichen und das elementare Rechnen der 
Griechen und Romer (Erlangen: 1869). It is assumed 
that all students and teachers have available D. E. 
Smith and Jekuthiel Ginsburg, Numbers and Numer- 


als, currently obtainable from the Washington office 
of the National Council of Teachers of Mathematics, 


The story of m= 1000 illustrates all this 
and relates to our original problem of how 
to write large numbers with Roman 
numerals. 

In pre-Roman or Etruscan writing the 
symbol for 1000 was 8 which probably 
was derived from a similar symbol in the 
Etruscan alphabet, but the nature of the 
connection between the alphabet and 
Etruscan numbers is uncertain. 

In old Roman times ® was used for 
1000. This may have come from turning 
the Etruscan symbol on its side or from the 
use of an early form of the Greek letter %. 

In later Roman times o, CID, and M 
were all used. The first of these may have 
been derived from the symbol of our pre- 
vious paragraph but it has also been 
thought to be either a cursive form of the 
second symbol, ClO, or derived by add- 
ing ares at both sides of the Greek x, thus, 
(x), to distinguish its use to represent 1000 
from the x representing 10. 

The symbol CID was used most com- 
monly in the middle ages. It also may have 
been derived from ¢% or it may originally 
have been merely 1 enclosed in parentheses. 
In print, in the middle ages, it appeared to 
be merely 1 enclosed between two c’s. 

By adding additional pairs of parenthe- 
ses or C’s large numbers were formed thus: 
CCI9D9 = 10,000, CCCIDDD = 100,000 and 
even CCCCIDN999 = 1,000,000. Halves of 
these numbers were represented by omit- 
ting the parentheses on the left of the J, 
e.g., 10 =500. This last symbol probably 
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led to the later use of the letter D for 
500. 

A bar above the numerals was at times 
used to represent a thousand times the 
value of the numerals, thus: CXX 
= 120,000. Vertical bars represented multi- 
plication by 100, thus: | X| DCXC = 1690. 
A double bar over the numeral represented 
1000 X 1000, thus: V =5,000,000, while a 
single bar above together with vertical 
lines were used to represent 100 X 1000, 
thus: | X| CLXXXDC = 1,180,600. 

We are all familiar with the additive and 
subtractive principles used in Roman nu- 
merals although not everyone knows that 
the subtractive principle was seldom used 
by the old Romans and that it did not 
come into popularity until about the mid- 
dle of the fifteenth century. Likewise few 
know that, in later years, a multiplicative 
principle was also used occasionally, thus: 
XXXM =30,000. However, Smith con- 
tends that in this case the M was not 
thought of as a numeral but as merely an 
abbreviation for mille, a thousand. Varia- 
tions on this multiplicative idea are to be 
found when III was written for 80 (i.e., 4 

M C 


Word origins 


Mathematicians are likely to think that 
they are in the same position as Alice’s 
Humpty Dumpty who said, you remem- 
ber, “When I use a word it means just 
what I choose it to mean—neither more 
nor less. . . . The question is which is to be 
the master—that’s all.’’ Mathematicians 
are inclined to think that they are the 
complete masters; that, irrespective of 
what they may mean elsewhere, in mathe- 
matics words do as they are told, mean 
exactly and only that which they are de- 
fined to mean. In fact, one mathematician 
took some self-righteous pleasure in point- 
ing out that as a group we use simple 
common words such as group, ring, ideal, 
radical, (heavens! they sound subversive!) 
for complicated abstract ideas while other 


times 20) and Hl LXXIIT=4473 
where again the m could be thought of as 
an abbreviation rather than as a number 
symbol. c too has been explained both as 
an abbreviation for centum, bundred, and 
as a shortened form of the old Roman sym- 
bol for 100, 8. 

The pointing out of the connection of 
centum with cent, century, per cent, is of 
course illustrative of the way historical 
materials may be an aid in teaching for 
meaning and interrelationships. This use 
of history is seen again in the pointing 
out of our inheritances from Roman frac- 
tions. They made much use of multiples of 
12 for the denominators of their fractions. 
Twelfths were called uncia as was the sub 
unit of their coinage. Their basic coin, the 
as, corresponding to the pound, was di- 
vided into 12 unciae. From these facts come 
our words ounce and inch as well as the 12 
inches in a foot and 12 ounces in a pound, 
troy. 

Thus, though the Romans contributed 
little to the development of real mathe- 
matics, we see that, quite appropriately, 
we owe them much of our language and 
system of weights and measures. 


sciences use complicated Greek and Latin 
derivatives for simple objects and ideas. 

Logically it is true that mathematical 
terms are perfectly arbitrary, but in an- 
other sense the mathematician is not the 
complete master either, for some of his 
words come to him from the past. He can 
not easily change them and still eommuni- 
cate clearly. Further, even when he makes 
up his own words he usually has some rea- 
son for choosing and defining them as he 
does. 

These reasons, historical or psychologi- 
cal, are worth knowing and may actually 
help students when first meeting a term to 
understand the related concepts as well as 
to remember the term. For these reasons 
as wel! as because they add interest to 
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instruction, we will mention a few facts 
and some sources of further information 
about word origins. 

In recent notes in this department of 
Tue Matuematics TEACHER we have 
provided historical background for real, 
imaginary, radian, mil. We might add that 
the angular unit in the metric system, the 
grad, one one-hundredth of a right angle, 
is derived from the same source as our 
word degree; namely, the Latin word 
gradus meaning step, pace, or rank. 
Gradus was originally used for the sexa- 
gesimal angular unit when geometrical, 
astronomical, and trigonometric works 
were first translated from Arabic into 
Latin in the eleventh to fourteenth cen- 
turies. 

The excursions into mathematical ety- 
mology scattered through the excellent 
recent An Introduction to the History of 
Mathematics, by Howard Eves,’ are inter- 
esting. On pages 195 to 196 he tells the 
well-known stories of algebra, algorism, 
and sine. Earlier the tales of cipher and 
zero appeared. He did not choose to in- 
clude accounts of root, radical, and eztract. 
The Arabic word for root was used by 
Al-Khowarizmi (c. 825) for what we would 
‘all the first degree term of a quadratic 
equation. The first chapter of his algebra 
book begins with the problem which we 
would write 2? = Al-Khowarizmi wrote, 
“The following is an example of squares 
equal to roots: a square is equal to 5 roots. 
The root of the square then is 5, and 25 
forms its square, which, of course, equals 
five of its roots.’”* Thus we see that a 
square was apparently thought of as hav- 
ing grown out of or having been generated 
by its side. When this Arabic was trans- 
lated into Latin, roots naturally became 
radices, the same word from which we de- 
rive radical, radix, radish. The Latin verb 
extrahere (ex+trahere), meaning to pull or 


2? Howard Eves, An Introduction to the History of 
Mathematics. (New York: Rinehart and Co., Ine., 
1953), 422 pp., $6.00. 

3 Robert of Chester's Latin Translation of the Al- 
gebra of Al-Khowarizmi, L. C. Karpinski (New York: 
Macmillan, 1915). 


draw out, was then as appropriately used 
for finding (extracting) the root of a given 
square, as for pulling a radish or a tooth! 
Thus tractors and square root are brothers 
under the skin etymologically!! 

Two of the most useful word origins are 
those of numerator and denominator which 
are obviously, via Latin, ‘the numberer”’ 
and “the namer’” (compare “denomina- 
tion” as used for bills and_ religious 
groups). The essential notion that one can 
combine only like quantities in addition 
together with the idea that the denomi- 
nator tells the kind of thing with which 
one is dealing (thirds, fifths, ete.) should 
help one teach with meaning and under- 
standing the need for and nature of com- 
mon denominators. Incidentally, the fact 
that denominators are today written be- 
low a line or to the right of a solidus is 
strictly an historical, not a logical, fact. In 
fact some early Greeks did write the 
numerator below and the denominator 
above. In such a case and in our symbols 
?4+3=4+%=} would have been written 
$+7=$+$=4, but the process would 
have still involved finding a common de- 
nominator! 

Some further accounts of word origins 
may be found in all the standard histories 
of mathematies, in particular: D. E. Smith 
and Jekuthiel Ginsburg, Numbers and 
Numerals, now published by the National 
Council of Teachers of Mathematics, 
Chapter VIII, and L. C. Karpinski, The 
History of Arithmetic, Chapter VII. (This 
unfortunately is now out of print). An 
article by L. C. Karpinski and Adelaid M. 
Fiedler, “The Terminology of Elementary 
Geometry,” School Science and Mathe- 
matics, Vol. xxiv (1924), pp. 162-67, is 
of some interest too. 

Word studies may make interesting 
class or individual projects. Any good dic- 
tionary will offer some information, but 
one compiled on historical principles such 
as the New English Dictionary will be better. 

Perhaps some readers will send their 
word findings or questions in to this De- 
partment? 
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@ POINTS AND VIEWPOINTS 


The NCTM and the NEA 


Since June, 1950, The National Council 
of Teachers of Mathematics has been a 
Department of the National Education 
Association, with our national office and 
executive secretary in the NEA Building 
in Washington, D.C. During the first year 
of our affiliation with the NEA, Harry W. 
Charlesworth, then president of the Na- 
tional Council was in the Washington 
office. In June of this year Myr] H. Ahrendt 
completes a three-year term as our first 
executive secretary. It seems highly ap- 
propriate at this time to list some of the 
services received from the National Edu- 
cation Association as an expression of ap- 
preciation of four years of affiliation. This 
list of services has been prepared with the 
assistance of Mr. Ahrendt, who has been 
our agent in Washington in securing and 
making best use of these services. 

Office Space and Equipment. The NEA 
furnishes the NCTM with office space and 
related services without charge. Our office 
was first set up in one room but as the 
activities of the executive secretary in- 
creased, this room became very crowded. 
As soon as it could be done, the NEA sup- 
plied another room. Our new quarters in- 
clude a two-room suite with two closets 
and two connecting small rooms used for 
storage and mailing. 

Services. The NEA furnishes telephone 
service. The NEA Business Office helps us 
purchase supplies and other materials, 
saving us nearly 50 per cent on some items. 
The Mailing Room, Records Division 
(which does our addressograph work), and 
Multigraph Section sell us their services at 
cost, saving us much money on mailing 
work, maintaining the mailing list, and 
printing. The Division of Accounts and 
the Business Office give us without cost 
complete financial and accounting service. 
They handle our accounting, auditing, 
payment of all bills, deposit of all funds, 


By John R. Mayor, President 


payroll, and all related items. It is esti- 
mated that the financial and accounting 
service would require the services of an 
experienced girl working one-third time if 
the Council were required to do this work. 

Editing of Yearbooks. The Division of 
Publications edited the Twenty-first Year- 
book and is giving the same service on the 
Twenty-second. This work has included 
correcting the manuscript for errors and 
uniformity of style, styling the books and 
marking type faces, proofreading, paging, 
and all related services. All drawings for 
each yearbook are handled by the NEA 
Art Department. Art work has been done 
without charge for other jobs, such as de- 
signing office letterhead. Occasional advice 
has been given on layouts. 

Publicity. The NEA Journal runs, with 
our advice, several articles each year on 
mathematics education. News notices of 
our activities are run by the NEA Journal 
and the News Report of the Division of 
Press and Radio. The News Report is a 
news service used by many journals and 
newspapers. The NEA Journal gives us 
each year space for a free advertisement of 
our materials. National Council publica- 
tions are advertised in the NEA Publica- 
tions List. An exhibit of the Council is dis- 
played at each Annual Meeting of the 
NEA. 

Professional Association. The NEA pro- 
vides facilities for our one-day meeting 
each year during the NEA convention. 
We have the opportunity to be repre- 
sented at various conferences on instruc- 
tional problems, teacher education, and 
the like, which are sponsored by the NEA. 
Through our national office in the NEA 
Building, we have the opportunity to 
make our program known to many other 
professional groups with headquarters at 
the NEA and to exchange with these pro- 
fessional organizations ideas on many 
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subjects and problems of concern to us. 
Offices of the NEA have also generously 
given their assistance and advice on diffi- 
cult problems concerned with public rela- 
tions with the total school community. 

It has been a privilege for The National 
Council of Teachers of Mathematics to 
have been a Department of the world’s 
largest educational organization. We hope 


that our affiliation with the NEA has also 
been of advantage to the NEA. The op- 
portunities provided for the National 
Council to have a part in national and 
international educational planning with 
the NEA and with its other affiliated pro- 
fessional organizations should be of in- 
creasing value to us and to the other or- 
ganizations in the years ahead. 


Visiting your convention schools 


The Cincinnati Schools are pleased that the 
National Council of Teachers of Mathematics 
will hold its thirty-second annual meeting in 
Cincinnati, April 21-24, 1954, and extends a 
cordial welcome to visitors. 

There are three large school systems, the 
Cincinnati Public Schools, the Cincinnati Pa- 
rochial Schools, and the Hamilton County 
Schools, as well as many schools in surrounding 
communities where visitors should be able to 
find situations of interest to them. 

In the Cincinnati Publie Schools, arithmetic 
instruction begins in the kindergarten and con- 
tinues through the junior high school. One unit 
of mathematics which may be algebra, general 
mathematics, or business arithmetic is required 
for graduation from high school. 

In the ninth grade, general mathematics is 
taken by all pupils who have not reached a 
satisfactory level of proficiency in arithmetic as 
indicated by the eighth-grade records. Other 
pupils may elect algebra or wait until the tenth 
grade to elect business arithmetic. 

After algebra a pupil may continue the se- 
quence of plane geometry in the tenth grade, 
mathematics III in the eleventh, and mathe- 
matics IV in the twelfth grade. Mathematics 
III includes algebra through the binomial theo- 
rem and the simple numerical trigonometry of 
the oblique triangle. Mathematics IV continues 
trigonometry through advanced formulas of the 
oblique triangle, solid geometry, and advanced 
or college algebra. 

For pupils who wish to elect a final course in 
functional mathematies underlying consumer 
problems, an experimental elective course in 


twelfth-grade consumer mathematics pres- 
ently being offered. 

Not all that is learned in school is learned in 
the classroom. The program of student activi- 
ties is an important part of school life, and school 
administrators will be happy to show to visitors 
their student governments in action, and their 
club, music, dramatic, and sports programs. 

In addition to the regular elementary schools 
and high schools, Cincinnati has established 
schools and classes for handicapped children. 
Condon School offers a regular educational pro- 
gram to the crippled children of Cincinnati. The 
deaf or hard-of-hearing child, the visually handi- 
capped, or the child with a severe speech defect 
receives special help. Special classes are located 
in the regular elementary and secondary schools 
so that members may work a part of the day 
with normal children. 

The parochial school system includes eighty- 
nine elementary schools and fourteen high 
schools in Cincinnati. Vocational education, es- 
pecially in commercial subjects, is offered in a 
number of these high schools. 

The University of Cincinnati was the first 
city-owned and operated university in the 
country. Cincinnati also has the oldest Catholic 
college in Ohio, Xavier University, a Jesuit 
school, and the oldest Jewish theological semi- 
nary in the Americas, Hebrew Union College. 
Other educational institutions include the Ohio 
Mechanics Institute, the College of Pharmacy, 
the Salmon P. Chase Colleges of Law and Com- 
merce, Our Lady of Cincinnati College, Mt. St. 
Joseph College, St. Gregory Seminary, the Con- 
servatory of Music, the College of Music, and 
dramatic, dental, business  colleges.— 
Mildred Keiffer, Cincinnatt Public Schools, Cin- 
cinnati, Ohio. 


If you wish to visit schools while you 
are attending the convention, we shall be 
pleased to make arrangements for you. 
It will be helpful if you will state the kind 
of community and pupil you would like 
to see. Perhaps you are interested in 
schools with bi-racial faculties or schools 
with special facilities for meeting spe- 
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cial needs. The more information we 
have about your specific interests, the 
better plans we can make for you. 
Please send your requests for school 
visits to Miss Fannie Jane Ragland, 
Cincinnati Board of Education, Mce- 
Millan Street, Cincinnati 6, Ohio, by 
April 1. 
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@ REFERENCES FOR MATHEMATICS TEACHERS 


Edited by William L. Schaaf, Department of Education, Brooklyn College, 


Brooklyn, New York 


The editor presents the second part of a valuable guide to those teachers 
who are developing a library of mathematics for their school. 


The first part appeared in the February issue. 


The high-school mathematics library—Il 


8. MATHEMATICS AND SCIENCE 


@ Barnett, Lincotn. The Universe and Dr. 
Einstein. (Mentor Books.) New York: New 
American Library, 1950. Pp. 140. 

Ciirrorp, Wittiam K. Common Sense of the 
Exact Sciences. New York: Knopf, 1946. 
Pp. 249. 

@ Danrzaic, Tostas. Aspects of Science. New 
York: Macmillan, 1937. Pp. 285. 

EInsTeIN, ALBERT. The Meaning of Relativity. 
Princeton: Princeton Univ. Pr., 1945. Pp. 
135. 

Gamow, GeorGE. Mr. Tompkins in Wonder- 
land. New York: Macmillan, 1940. Pp. 91. 
Popular exposition of relativity of space 
and time, gravitation, quantum theory, 
ete.; chapters 1-4 appropriate for high- 
school pupils. 

@ Gamow, GEORGE. One, Two, Three—Infinity. 
New York: Viking, 1947. Pp. 340. 

Inviting discussion of significant ideas in 
mathematics and science. 

HorrMann, Banesu. The Strange Story of the 
Quantum. New York: Harper, 1947. Pp. 
239. 

@ INFELD, LeEopoup. Albert Einstein: His Work 
and Its Influence on Our World. New York: 
Scribner, 1950. Pp. 132. 

Keyser, C. J. Humanism and Science. New 
York: Columbia Univ. Pr., 1931. Pp. 243. 

Keyser, C. J. The Pastures of Wonder: the 
Realm of Mathematics and the Realm of 
Science. New York: Columbia Univ. Pr., 
1929. Pp. 208. 

@ Levy, Hyman. Modern Science. New York: 
Knopf, 1939. Pp. 736. 

Excellent chapters on mathematics. 

Lieser, L. R. and Lieper, H. G. The Einstein 
Theory of Relativity. New York: Rinehart, 
1945. Pp. 324. 

Unusual and lucid popular explanation; ex- 
cellent for the amateur. 

@ Wey, HerMANN. Philosophy ef Mathematics 
and Natural Science. Princeton: Princeton 
Univ. Pr., 1949. Pp. 311. 

@ Wuiraker, EF. T. From Euclid to Eddington. 
Cambridge: Cambridge Univ. Pr., 1949. 
Pp. 212. 


9, VocaTIONAL AND TRADE MaTHeMATICs; 


APPLIED MATHEMATICS 
A. MECHANICAL AND MACHINIST TRADES 

@ AXELROD, Aaron. Machine Shop Mathe- 

matics. New York: McGraw-Hill, 1951. 
Pp. 359. 
Measuring tools; geometric constructions; 
shop trigonometry; belting, pulleys and 
gears; speeds and feeds; lathe work; milling 
machine work. 

BurnuaM, R. W. Mathematics for Machinists. 
New York: Wiley, 1943. Pp. 253. 

Lathe work; threads; pulleys, belting, gear 
calculations; milling machine; shop trigo- 
nometry. 

@ CELL, Joun W. Engineering Problems Illus- 
trating Mathematics. New York: McGraw- 
Hill, 1943. Pp. 172. 

G. R. and Witson, L. T. Manual 
of Mathematics and Mechanics. New York: 
MeGraw-Hill, 1947. Pp. 349. 

Doo.ey, Wm. H. and Kriecar, Davin. New 
Vocational Mathematics for Boys. Boston: 
Heath, 1941. Pp. 350. 

Material on carpentry and building; plumb- 
ing and heating; machine shop; electricity. 

@ Epwarps, Wm. H. Precision Shop Mathe- 
matics. Boston: Heath, 1947. Pp. 320. 

A handbook based upon job analysis; 
mathematical procedures for on-the-job 
problems. 

Horton, H. L. Mathematics at Work. New 
York: Industrial Pr., 1949. 

Practical applications of algebra, trigo- 
nometry, logarithms to engineering; some- 
what advanced. 

Jones, O. B. Applied Industrial Mathematics. 
New York: Prentice-Hall, 1947. Pp. 342. 
For tool engineers, designers, draftsmen, 
artisans, and mechanics in the metal trades. 

@ Kear, H. M. and Leonarp, C. J. Essential 
Mathematics for Skilled Workers. New York: 
Wiley, 1942. Pp. 293. 

For the average student who plans to go 
into industry as a skilled worker. 

Newtson, G. D., Moore, F. C., HAMBURGER, 
C. and Becker, P. General Mathematics for 
the Shop. Boston: Houghton Mifflin, 1951. 
Pp. 440. 
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@ Siave, S. and Marcouts, L. Mathematics for 
Technical and Vocational Schools. New 
York: Wiley, 1946. Pp. 532. 

Popular beginner’s text in mathematics for 
vocational trades. 

Turres, Cuarence. Baste Mathematics for 
Technical Courses. New York: Prentice- 
Hall, 1952. Pp. 438. 

Somewhat advanced for high-school pupils. 

@ Van Leuven, Epwin P. General Trade 
Mathematics. New York: McGraw-Hill, 
1952. Pp. 553. 

Excellent reference text for shop courses. 

@ Wo re, J. H., W. F. and Muttr- 
KIN, S. D. Industrial Algebra and Trigo- 
nometry with Geometrical Applications. New 
York: McGraw-Hill, 1945. Pp. 187. 
Practical training in the application of 
mathematics to the solution of typical 
mechanical and electrical problems in in- 
dustry. 

@ Worre, J. H. and Pueurs, E. R. Practical 
Shop Mathematics. New York: McGraw- 
Hill, 1948, 1949. Vol. I—Elementary Shop 
Mathematics; pp. 371. Vol. II—Advanced 
Shop Mathematics; pp. 356. 


B. ELECTRICAL AND Rapio TRADES 

Bureau oF NAVAL PERSONNEL. Advanced 
Mathematics for Electronics Technicians. 
(Navy Training Course NAVPERS 10094). 
Washington: U. 8S. Govt. Print. Off., 1951. 
Pp. 318. 

@ Cooke, Newtson M. and ORLEANS, JOSEPH. 
Mathematics Essential to Electricity and 
Radio. New York: McGraw-Hill, 1943. 
Pp. 418. 

Simplified edition of Cooke’s Mathematics 
for Electricians and Radio Men; suitable for 
high-school students. 

FiscHer, BERNHARD. Radio and Television 
Mathematics. New York: Macmillan, 1949. 
Pp. 484. 

@ Kuewn, Martin. Mathematics for Elec- 
tricians. New York: McGraw-Hill, 1949. 
Pp. 338. 

Revised edition of a widely used text. 

Maepe., Georce F. Basic Mathematics for 
Radio. New York: Prentice-Hall, 1948. 
Pp. 339. 

Mautner, LEoNARD. Mathematics for Radio 
Engineers. New York: Pitman, 1947. Pp. 327. 
Advanced refresher course for practicing 
engineers; requires some knowledge of 
higher mathematics. 

@ Rascu, Wm. E. Practical Electrical Mathe- 
matics. Boston: Heath, 1946. Pp. 368. 
Helpful in the everyday work of electrical 
contractors and working electricians. 


c. PHARMACY AND NURSING 

@ Beviariore, Icnatius. Pharmaceutical Arith- 
metic. 3rd edition. St. Louis: Mosby, 1953. 
Pp. 226. 

@ Bivpie, H. C. and Sitter, D. W. The Mathe- 
matics of Drugs and Solutions. Philadelphia: 
F. A. Davis Co., 1941. Pp. 107. 
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Brapiey, Wiius T., GusTarson, CARROLL 
B. and Sroxiosa, M. J. Pharmaceutical 
Calculations. Philadelphia: Lea & Febiger, 
1952. Pp. 290. 

Fappis, M. O. and Grimes, H. E. The Mathe- 
matics of Solutions and Dosage, including 
Simple Arithmetic. Philadelphia: Lippin- 
cott, 1944. Pp. 134. 

@ Goosrray, STELLA. Problems in Solutions and 
Dosage: Arithmetic Review. New York: 
Maemillan, 1945. Pp. 99. 

McCain, M. Estuer. Simplified Arithmetic 
for Nurses. Philadelphia: Saunders, 1952. 
Pp. 151. 

Srockinea, C. H. and Cara.ineg, E. L. Arith- 
metic of Pharmacy. New York: Van Nos- 
trand, 1942. Pp. 163. 


D. OTHER VOCATIONS 
Bue ., C. E. Mathematics for the Sheet Metal 
Worker. New York: Pitman, 1943. Pp. 199. 

@ CHampBer.in, L. 8S. Related Mathematics for 
Carpenters. Chicago: American Technical 
Soc., 1952. Pp. 200. 

@ Dickxason, Atrrep. The Calculation of Sheet 
Metal Work. New York: Pitman, 1950. 
Pp. 250. 

@ Fenske, T. H., Drake, R. M., Epson, A. W. 
and Fieip, A. M. Arithmetic in Agriculture. 
St. Paul: Webb Pub. Co., 1950. Pp. 243. 

McGerg, R. V. Mathematics in Agriculture. 
New York: Prentice-Hall, 1942. Pp. 189. 
MANSFIELD, JoHN. Everyday Arithmetic for 
Printers. New York: McGraw-Hill, 1940. 

Pp. 135. 

@ Napier, Maurice. Modern Agricultural 
Mathematics. New York: Orange Judd 
Pub. Co., 1947. Pp. 315. 

@ Witson, J. D. and Rogers, C. M. Carpentry 
Mathematics. New York: McGraw-Hill, 
1949. Pp. 249. 

Youna, Orvitie. Rural Arithmetic. Mil- 
waukee: Bruce, 1949. Pp. 303. 


10. Business ARITHMETIC; CONSUMER’S MATH- 
EMATICS; GRAPHS AND STATISTICS 


Barnuart, W. S. and Maxwe L. B. Social 
Business Arithmetic for Today. Chicago: 
Mentzer, Bush, 1947. Pp. 645. 

@ Bartoo, G. C. and Osporn, J. Home and Job 
Mathematics. St. Louis: Webster Pub. Co., 
1944. Pp. 602. 

ConsuMER Epucation Stupy. The Role of 
Mathematics in Consumer Education. Wash- 
ington, D. C.: Consumer Education Study, 
1945. Pp. 23. 

@ CorpMAN, BERNARD. Mathematics of Retail 
Merchandising. New York: Ronald Pr., 
1952. P. 327. 

Curry, P. E. and Piper, E. B. Applied Busi- 
ness Arithmetic for Personal and Business 
Use. Cincinnati: South-Western Pub. Co., 
1948. Pp. 584. 

Hanna, J. M. and Ervin, S. H. Arithmetic 
for Business Use. Baltimore: Rowe, 1952. 
Pp. 507. 
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@ Karka, F. Statistics Without Numbers: A 
Visual Explanation. New York: Lifetime 
Editions, 1950. Pp. 111. 

Ingenious and lucid. 

@ Kanzer, FE. M. and Scraar, W. L. Essentials 
of Business Arithmetic. New York: Heath, 
1950. Pp. 476. 

Lurz, R. R. Graphic Presentation Simplified. 
New York: Funk & Wagnalls, 1949. Pp. 
202. 

@ Ma.uory, V. Potishoox, W. M., CHap- 
MAN, I. E. and Starkey, S. H. Commercial 
Arithmetic. Chicago: Sanborn, 1948. Pp. 
510. 

Marino, A. I. and Fawcert, H. P. Mathe- 
matics for Today. Columbus: Merrill, 1951. 
Pp. 544. 

MecMackin, F. J., Marsu, J. A. and Baten, 
C. E. The Arithmetic of Better Business. 
Boston: Ginn & Co., 1951. Pp. 389. 

@ Mercenpaut, C. H. and Fostrr, L. R. One 
Hundred Problems in Consumer Credit. 
New Hampshire: Pollak Foundation for 
Economic Research, 1948. (Pollak Pam- 
phlet No. 35). Pp. 56. 10¢. 

@ Mop.ey, Rupowps, and orners. Pictographs 
and Graphs. New York: Harper & Bros., 
1952. Pp. 186. 

Newtson, G. D. and Grimg, H. E. Making 
Mathematics Work. Boston: Houghton 
Mifflin, 1950. Pp. 630. 

@ Rosenperc, R. R. Business Mathematics, 
Principles and Practice. New York: Me- 
Graw-Hill, 1953. Pp. 576. 

@ R., Ciark, J. R. and LaNKForp, 
F. G. Mathematics for the Consumer. 
Yonkers: World Book, 1953. Pp. 438. 

@ Scnor.ina, R., Ciarg, J. R. and LANKForD, 
F. G. Statistics: Collecting, Organizing and 
Interpreting Data. Yonkers: World Book, 
1943. Pp. 76. 

Good introduction to the subject. 

@ Snyper, LLEWELLYN R. Essential Business 
Mathematics. New York: McGraw-Hill, 
1947. Pp. 434. 

Somewhat advanced; good reference book 
for high-school pupils. 

Surron, C. W. and Lennzs, N. J. Economic 
Mathematics. New York: Allyn & Bacon, 
1949. Pp. 584. 


11. RELATED SuBJECTS 


A. MATHEMATICAL INSTRUMENTS; MATHE- 
MATICAL MODELS 

@ BERKELEY, EpmuND. Giant Brains, or Ma- 
chines That Think. New York: Wiley, 1949. 
Pp. 270. 

Popular explanation of the principles of 
electronic computing machines; demands 
reader’s close attention. 

@ Cunpy, H. Martyn, and Rou.ert, A. P. 

Mathematical Models. Oxford: Clarendon 
Pr., 1952. Pp. 240. 
Paper-folding; dissections; knots; curve- 
stitching; polyhedra; models; linkages; ma- 
chines for drawing curves and for solving 
equations, 


@ GARDNER, Instruments for the 

Enrichment of Secondary School Mathe- 
matics. Ann Arbor: Edwards Bros., 1951. 
Pp. 98. 
Kuler, protractor, and vernier; slide rule 
and abacus; pantograph, parallel ruler, 
proportional dividers, steel square; transit, 
sextant, hypsometer, angle mirror. 

@ Harrvey, M. C. Patterns of Polyhedrons. Ann 
Arbor: Edwards Bros., 1948. Pp. 45. 
Patterns and suggestions for constructing 
cardboard models of one hundred solids. 

@ Kiety, Epmonp. Surveying Instruments: Their 
History and Classroom Use. New York: 
Bureau of Pubns., Teachers College, 
Columbia Univ., 1947. (National Council 
of Teachers of Mathematics, 19th Year- 
book). Pp. 411. 

@ NaTionaL CounciL oF TEACHERS OF MATHE- 
MATIcs. (18th Yearbook). Multisensory 
Aids in the Teaching of Mathematics. Wash- 
ington, D. C.: The Council, 1945. Pp. 460. 
Laboratory mathematics; drawing and de- 
sign; exhibits; models and devices; instru- 
ments; slide, films, ete. 

@ Suuster, C. N. and Beprorp, F. L. Field 

Work in Mathematics. New York: American 
Book, 1935. Pp. 168. 
Common instruments such as the angle mir- 
ror, hypsometer, plane table, sextant, 
transit, ete. 

Svopopa, A. Computing Mechanisms and 
Linkages. New York: McGraw-Hill, 1948. 
Pp. 359. 

Somewhat advanced. 


B. SLIDE RuLE 

BisHop, Catvin. Practical Use of the Slide 
Rule. New York: Barnes & Noble, 1950. 
Pp. 147. 

@ Cooper, H. O. Slide Rule Calculations. Lon- 
don: Oxford Univ. Pr., 1931. Pp. 132. 
Derivation of slide rule scales; special slide 
rules; applications in science and technol- 


ogy. 

Hits, E. Justin. A Course in the Slide Rule 
and Logarithms. Boston: Ginn, 1950. Pp. 
108. 

@ Jounson, LEE H. The Slide Rule. New York: 
Van Nostrand, 1949. Pp. 242. 

Use of the slide rule in engineering prob- 
lems. 

Macuovina, Paut. A Manual for the Slide 
Rule. New York: McGraw-Hill, 1950. Pp. 
78. 

@ Strom, R. T. and De Groor, A. The Slide 
Rule: How to Use It. Scranton, Pa.: In- 
ternational Textbook Co., 1948. Pp. 95. 

A clearly written manual for self-instruc- 
tion. 

@ Tuomprson, J. E. A Manual of the Slide Rule: 
Its History, Principle and Operation. New 
York: Van Nostrand, 1930. Pp. 232. 
Includes circular and cylindrical slide rules. 


c. Maps; MATHEMATICAL GEOGRAPHY 
Bauer, H. A. Globes, Maps and Skyways. 
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New York: Macmillan, 1943. Pp. 66. 
Simple presentation of map projections. 

@ Fiexner, W. W. and Waker, Gorpon. 
Military and Naval Maps and Grids. New 
York: Dryden Pr., 1942. Pp. 96. 
Elementary exposition of Gnomonic, Mer- 
eator, Lambert Conformal, Stereographic 
and American Polyconic projections. 

@ GreENHOOD, Davin. Down to Earth: Mapping 
for Everybody. New York: Holiday House, 
1951. Pp. 262. 

Delightful, non-technical discussion. 

@ Greirzer, Samvuet. Elementary Topography 
and Map Reading. New York: McGraw- 
Hill, 1944. Pp. 157. 

Excellent for high-school students. 

Harrison, L. C. Daylight, Twilight, Darkness, 
and Time. New York: Silver Burdett, 1935. 
Pp. 216. 


Dp. NAVIGATION; AVIATION 

@ Brapiey, A. Day. Mathematics of Atr and 
Marine Navigation. New York: American 
Book, 1942. Pp. 103. 

Sailings; piloting; spherical trigonometry 
of the earth; nautical astronomy; celestial 
navigation. 

Dimick, C. FE. and Hurp, C. C. Mathematics 
for Mariners. New York: Van Nostrand, 
1943. Pp. 182. 

@ Kets, L. M., Kern, W. F. and Buianp, J. R. 
Spherical Trigonometry with Naval and 
Military Applications. New York: Me- 
Graw-Hill, 1942. Pp. 163. 

Material on navigation and nautical astron- 
omy. 

@ Narpicn, J. Mathematics of Flight. New York: 
McGraw-Hill, 1943. Pp. 410. 

Mathematics required for pre-flight train- 
ing; introductory aerodynamics. 

Path of Flight. Washington, D. C.: Govt. 
Print. Off., 1946. (Cat. No. C31.106:F 
64/2) Pp. 32. 

Wind triangle; radius of flight. 

Riper, and C. A. Naviga- 
tional Trigonometry. New York: Mac- 
millan, 1943. Pp. 136. 


gE. ART AND MATHEMATICS 
BraGpon, Ciaupe. The Beautiful Necessity. 
New York: Knopf, 1922. Pp. 111. 
Essays on art, by the author of Projective 
Ornament and Architecture and Democracy. 
Crane, Water. The Bases of Design. Lon- 
don: G. Bell & Sons; New York: Harcourt, 
Brace, 1925. Pp. 381. 
@ Guyka, Martina. The Geometry of Art and 
Life. New York: Sheed & Ward, 1946. Pp. 
174. 
Proportion, and symmetry; Golden Section 
dynamic symmetry; regular polygons and 
polyhedra; regular partitions. 
@ Hamaince, J. Elements of Dynamic Symmetry. 
New Haven: Yale Univ. Pr., 1948. Pp. 133. 
@ Hornuna, C. P. Handbook of Designs and De- 
vices. New York: Dover Pubns., 1946. Pp. 
218. 
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Nearly 2000 sketches of geometric designs. 
@ Ivins, Wituram N. Art and Geometry. Cam- 
bridge: Harvard Univ. Pr., 1946. Pp. 174. 
Morris, I. HamMonp. Geometrical Drawing 
for Art Students. New York: Longmans, 
ireen, 1941. Pp. 228. 
@ THompson, Sir D’Arcy W. On Growth and 
Form. Cambridge: Cambridge Univ. Pr., 
1952. Pp. 1116. 


F. FourtH DIMENSION 

@ Assort, Epwin A. Flatland, A Romance of 
Many Dimensions. New York: Dover 
Pubns., 1952. Pp. 109. 

A reissue of a well-known classic. 

@ Bracpon, Craupe. Four-Dimensional Vistas, 
New York: Knopf, 1923. Pp. 155. 
Somewhat outmoded, but still interesting. 

BraGpon, CLiaupDe. A Primer of Higher Space: 
The Fourth Dimension. Rochester: The 
Manas Pr., 1913. Pp. 79. 

Charming essay by a distinguished philoso- 
pher, architect, and mystic. 

@ Hooker, C. W. R. What Is the Fourth Dimen- 
sion? London: Black, 1934. Pp. 110. 

Deals with asymmetry and its applications 
in science and in life. 

Manninc, H. P. The Fourth Dimension 
Simply Explained. New York: Munn, 1910; 
New York: Peter Smith, 1934. Pp. 251. 
Collection of popular essays; out of print. 

Scuorietp, A. T. Another World. London: 
Swan Sonnenschein & Co., 1897. Pp. 92. 

A delightful classic, similar to Abbott’s 
Flatland; unfortunately out of print. 


G. REASONING AND Loaic 

@ Hoimes, Roger. The Rhyme of Reason: A 
Guide to Accurate and Mature Thinking. 
New York: Appleton-Century, 1938. Pp. 
516. 

Of interest to geometry students, especially 
the chapter on ‘“‘Mathematics as a Game.” 

@ Keyser, C. J. Thinking About Thinking. 
New York: E. P. Dutton, 1926. Pp. 91. 
Reissued by N.C.T.M., 1953; Pp. 45. 75¢. 
Popular essay on postulational systems. 

@ Lazar, Natuan. The Importance of Certain 
Concepts and Laws of Logic for the Study 
and Teaching of Geometry. New York: The 
Author. Menasha, Wis.: Banta Pub., 1938. 
Pp. 66. 

Manper, A. E. Logic for the Millions. New 
York: Philosophical Library, 1947. Pp. 206. 
Informal and nontechnical; of interest to 
geometry students. 


H. CHANCE AND PROBABILITY 

@ Biancue, Ernst EF. You Can’t Win: Facts 
and Fallacies about Gambling. Washington, 
D. C.: Publie Affairs Pr., 1949. (Pamphlet). 
Pp. 155. 

Extensive bibliography. 

@ Levinson, Horace. The Science of Chance: 
From Probability to Statistics. New York: 
Rinehart, 1950. Pp. 348. 

Betting and expectation; superstition; 
poker; bridge; lotteries; roulette; craps. 


Norturop, 8. and Stein, AntHUR. Mathe- 
matical Odds in Contract. New York: 
Vanguard, 1933. Pp. 93. 


12. LEARNING AND TEACHING MATHEMATICS 


@ Brown, C. H. Teaching of Secondary Mathe- 
matics. New York: Harper, 1953. Pp. 388. 

@ Burver, C. H. and Wren, F. L. The Teaching 
of Secondary Mathematics. New York: Me- 
Graw-Hill, 1951. Pp. 550. 

@ Canapian Maruematicat Conaress. Why 
Study Mathematics? Montreal: The Con- 
gress, 1950. Pp. 33. 50¢. 

CENTRAL Assn. of SCIENCE AND MATHE- 
matics Treacuers. A Half Century of 
Science and Mathematics Teaching: Fiftieth 
Anniversary Volume. Oak Park, Ill.: The 
Association, 1950. Pp. 197. 

@ Davovurian, H. M. How to Study—How to 
Solve: Arithmetic Through Calculus. Cam- 
bridge: Addison-Wesley Pr., 1951. Pp. 121. 

@ Davis, Davin R. The Teaching of Mathe- 
matics. Cambridge: Addison-Wesley  Pr., 
1951. Pp. 415. 

@ Kinney, L. B. and Purpy, C. R. Teaching 
Mathematics in the Secondary School. New 
York: Rinehart, 1952. Pp. 381. 

MATHEMATICAL ASSOCIATION (ENGLAND). The 
Teaching of Calculus in Schools. A report 
prepared for the Mathematical Association. 
London: G. Bell & Sons, 1951. Pp. 76. 


@ Mathematics in General Education. A Report 
of the Progressive Education Assn. New 
York: Appleton-Century, 1940. Pp. 423. 

Merepirn, G. Patrick. Algebra by Visual 
Aids. 4 vols. London: Allen & Unwin, 1948. 
Bk. 1: The Polynomials; Bk. 2: The Con- 
tinuum; Bk. 3: The Laws of Calculation; 
Bk. 4: Choice and Chance. 

NATIONAL Councit OF TEACHERS OF MATHE- 
MATICS. FIFTEENTH YEARBOOK. The Place 
of Mathematics in Secondary Education. 
New York: Teachers College, Columbia 
Univ., 1940. Pp. 253. 

@ NATIONAL CouNcIL oF TEACHERS OF MATHE- 
MATICS. SEVENTEENTH YEARBOOK. A 
Source Book of Mathematical Applications. 
New York: Teachers College, Columbia 
Univ., 1942. Pp. 291. 

@ Councin oF TEACHERS OF MATHE- 
MaATiIcs. Twenty-First YEARBOOK, The 
Learning of Mathematics. Washington, 
D. C.: The Council, 1953. Pp. 364. 

@ Potya, G. How to Solve It. Princeton: Prince- 
ton Univ. Pr., 1945. Pp. 204. 

Stimulating discussion of the heuristic ap- 
proach—‘‘mathematics in the making.” 

@ WertHemer, Max. Productive Thinking. 
New York: Harper, 1945. Pp. 224. 
Penetrating analysis of thought processes 
in mathematics; chapter on the ‘!Area of a 
Parallelogram” is a classic. 


Have you read? 

“Archimedes—Father of 
Experimental Science,’ Science Digest, De- 
cember 1953, pp. 80-85. 

All of you know Archimedes and his work 
but here is a short article any junior or senior 


ENGEL, LEONARD. 


high-school mathematics student will enjoy 
reading. It presents no new facts, but the story 
flows interestingly and the human elements are 
pointed up. His work in science is of course im- 
portant and holds a respected place in the 
article but Archimedes, the mathematician, is 
the person you know after reading the story. 
Your students will enjoy and profit from reading 
of his discoveries about z, the number system, 
the approximation method, and the great dis- 
coveries in geometry. 


SNELL, K. S. “School Mathematics Today and 
Tomorrow,”’ The Mathematical Gazette, Sep- 
tember 1953, pp. 161-173. 


If you are curious about the future of 
mathematics as a school subject and about 
mathematics teaching you will want to read this 
article. This is the presidential address to the 
Mathematical Association of Great Britain. Mr. 


Snell admits it may be a fanciful picture but the 
truth is often more astounding than fiction. 

Can you imagine that at the end of the next 
50 years there will be no separation of the areas 
of arithmetic, algebra, trigonometry and geom- 
etry? Will the rules and concepts of number be 
developed through student activity programs? 
Will all classrooms have computing machines 
and will arithmetical calculations be simplified? 
Will systems of measure and quantitative think- 
ing be done in the decimal system? Will the 
metric system become universal? In teaching 
will the student be given an earlier opportunity 
for abstract work? Will students study differ- 
entiability rather than methods of differentia- 
tion? Will applied mathematics be extended into 
hydrostatics and nuclear fission? Will the so- 
called non-gifted student be motivated and en- 
couraged to do many phases of work in mathe- 
matics which are now considered too difficult 
for him? 

Mr. Snell gives his opinion on these questions 
and many more. You may think them fantastic 
but after reading this article you may want to 
reconsider. I would like to be on hand in 50 years 
to see.—Philip Peak, Indiana University, Bloom- 
ington, Indiana. 
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Research in mathematics education 


Edited by Kenneth E. Brown, Department of Health, Education, 


QUESTION: Do superior pupils need to 
spend two semesters on plane geometry? 


stupy: A. V. Kozak, Kalgometrics: An 
Experiment in the Teaching of Plane 
Geometry, Trigonometry, Analytic Geome- 
try, Differential Calculus, and Integral 
Calculus to Selected Tenth-Grade Pupils 
in the High School. Ed.D. dissertation. 
Pennsylvania State College, State Col- 
lege, Pennsylvania, 1952. 


Many tenth-grade pupils do not need two 
semesters of plane geometry. They should study 
topics in advanced mathematics. These are the 
conclusions of Mr. Kozak after an experiment 
with a selected group of tenth-grade pupils. 
Study habits of the experimental group were 
significantly improved, Mr. Kozak reports. 

The experiment was an attempt to determine 
richer experiences for the able pupil in mathe- 
matics. Thirty-two pupils, each with an I.Q. 
above 115, a score in the top twenty-percentile 
in achievement in algebra, and a desire to at- 
tend coilege, were selected for the experimental 
group. A matched control group was selected 
from the students enrolled in plane geometry. 

The purpose of the experiment was to 
answer the question, “With what success may 
the present two-semester course in plane geom- 
etry for selected pupils be reduced to one and 
the remaining semester be filled with advanced 
topics in mathematics which are the present 
curriculum materials for college students in 
algebra, trigonometry, analytic geometry, dif- 
ferential calculus, and integral calculus?” 

The experimental group devoted one se- 
mester to plane geometry, five weeks to the 
calculus, and three weeks to each of the follow- 
ing subjects: algebra, trigonometry and analytic 
geometry. For the semester’s work in geometry 
thirty-five basic theorems were selected. The 
same instructional material was available for 
both the control and experimental groups. 

The experimental group studied plane geom- 
etry one semester and the control group studied 
the subject two semesters; however, the pupils 
of the experimental group excelled the control 
group on the co-operative plane geometry test. 
After a comparison of the experimental group 
with a control group of college pupils, Mr. 
Kozak concludes that the experimental group 


and Welfare, Washington, D.C. 


demonstrated that they could profit from the 
study of advanced topics in mathematics. Ac- 
cording to the study, the experimental group 
possessed sufficient maturity to understand 
principles in learning. An inventory showed 
significant improvement in study habits during 
the experiment. 

The study does not indicate the effect the 
introductory knowledge of the advanced topics 
will have on the pupil when he pursues college 
mathematics. There is no evidence, in fact no 
claim by the author, that the advanced topics 
selected are the ones of optimum value to the 
pupil, nor is it advocated that the unit com- 
partmental plan is the best method of mathe- 
matics instruction. The experiment does raise 
question as to the advisability of requiring 
superior pupils to spend two semesters on plane 
geometry. 

As a result of the study a similar course is 
being offered to the eleventh- and twelfth- 
grade pupils. It is hoped that it will be unneces- 
sary for many of the high-school graduates 
who have taken these courses to take college 
algebra, trigonometry, and analytic geometry. 


QUESTION: How can problem-solving be 
taught in junior high-school mathematics? 


stupy: W. L. Carter, A New Basis of 
Organization for the Junior High-School 
Mathematics Program. Ph.D., dissertation. 
Ohio State University, Columbus, Ohio, 
1952. 


Many teachers pay verbal allegiance to the 
proposition that mathematics should help a 
pupil in problem solving but in practice they 
place the emphasis on the development of 
computational ability. Mathematics can be 
taught so the problem solving ability in the 
pupil will improve. These conclusions were 
reached by Dr. Carter after an experimental 
study involving pupils in grades seven, eight 
and nine. 

A program of mathematics for junior high- 
school students in which problem-solving re- 
ceived major emphasis was set up for one ex- 
perimental class in each of grades seven, eight 
and nine in the Laboratory School at Western 
Illinois State College, Macomb, Illinois. Two 
seventh-grade classes, two eighth-grade classes, 
and one ninth-grade class located in different 
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towns in western Illinois were used as repre- 
sentative junior high-school classes as “‘status’’ 
groups. These “‘status’’ groups were compared 
in ability and achievement with the experi- 
mental groups. Dr. Carter found that the pupils 
in the experimental classes exhibited greater 
growth in problem-solving competencies than 
the “status” classes and they progressed 
‘normally in computational ability. He also 
indicates that the problem-solving program 
motivates the pupil in the study of mathematics. 
He states that there is “limited evidence” to 
show that the experimental program is a better 
preparation for later study of sequential mathe- 
matics. The author of the study recommends 
that the solution of concrete problems be the 
major part of the junior high-school mathe- 
matics program. The problems used in the ex- 
perimental study were real problems within the 
experience of the pupils and also the problems 
suggested fundamental mathematical concepts. 
However, the philosophy of the experimenter 
required the final selection to be the co-opera- 
tive endeavor of the class and teacher. 

The principal unifying concepts in problem 
solving that received attention were: 

. Formulation and solution 

. Data 

3. Approximation 

. Function 

. Operation 

. Proof 

. Symbolism 

Each of the problems was studied by the 
group from one to five weeks. The time de- 


pended upon the interest of the pupils and 
mathematical appropriateness of the problem. 

The following questions are representative 
of those considered: 


Personal Living 


1. Can I become a better student? 

2. When is one well-dressed? 

3. Am I qualified to be a class officer? 

4. How can I earn and manage my own 
spending money? 

5. Is health a factor in being a successful 
person? 

6. What are my chances for a long life? 


Immediate Personal-Social Relationships 


1. How can we help our parents in planning 
a coming vacation? 

2. Am I an expense to my parents? 

3. When is a family spending its money 
wisely? 

4. Is our class typical? 

5. How does one convince another that he 
knows what he is talking about? 

6. Does our school have a chance of going to 
the state tournament? 


Social-Civic Relationships 


1. What does our community have to offer 
youth? 

2. How do people in other communities live? 

3. Are our present means of transportation 
sufficient? 

4. Is our community growing? 

5. Why are structures built that way? 

6. Should the class make a trip to Hannibal? 


Economic Relationships 


. Are taxes necessary? 

. Is it expensive to own an automobile? 

. Why carry insurance? 

. Can I buy a camera? 

. Is there such a thing as a bargain? 

. Does the reading of advertisements help 
me get what I want? 


Implications 


If mathematical skills and concepts are to be 
taught to junior high-school pupils through the 
study of large problems, then this experiment 
points out some important precautions in de- 
veloping and executing such a program. 

The following are representative of such con- 
sideration: 

1. It is important that the problem involve 
those mathematical concepts and skills that are 
most valuable in the development of the junior 
high-school pupil. 

2. The problems should involve concepts 
and skills in the proper sequential order. 

3. The problem should be within the interest 
and the experience level of the pupil. 

4. The teacher should be prepared both by 
training and temperament for group dynamics. 

5. Time should be available for detailed pre- 
planning of all activities. 

6. Adequate physical facilities should be pro- 
vided which would include an abundant source 
of library material as well as small conference 
and work room. In Dr. Carter’s study the pupils 
had access to four libraries. 

7. The teacher should not only have an 
understanding of mental growth and mathe- 
matical readiness of the adolescents but a keen 
insight into the applications of mathematics in 
many areas of learning. With a shortage of 
adequately prepared teachers of traditional 
mathematics for the junior high school, the 
additional competencies required would cause 
considerable difficulty in administering the pro- 
gram. 

8. It is difficult to sustain interest in a topic 
while direct progress toward the goal is being 
interrupted to learn a particular skill or to de- 
velop mathematical background for the con- 
cepts. 
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Reviews and evaluations 


Edited by Cecil B. Read, University of Wichita, Wichita, Kansas 


Fourier Transforms, lan Sneddon, New York, 
MeGraw-Hill Book Co., Inc., 1951. xii +542 
pp., $10.00. 

The first 91 pages of this book are used to 
develop the theory of integral transforms; the 
theory is then applied to boundary value prob- 
lems in physies and engineering. The applica- 
tions cover a tremendous amount of material. 
While they include such standard items as 
oscillating electric circuits, vibrating strings, 
and vibrating membranes, they are directed 
primarily at problems from current physical 
research. Thus there are chapters on such sub- 
jects as atomic physics and neutron flow. 

Let f(z) be a suitable function, and consider 
the integral 


f 
V2nrd 


where i=, —1. The value of the integral 
depends on the number a, and can be denoted 
by F(a). Having started with the function f(z), 
we now have a new function, F(a). F(a) is called 
the Fourier transform of f(x). As an example, if 


f(x) 


then F(a) is found to be 


(This and other specific transforms are tabu- 
lated in Appendix C.) 

The function of two variables, e* which ap- 
peared above is called the kernel of the trans- 
form. If a different kernel is used, a different in- 
tegral transform is obtained. Chapters I and II 
treat the Fourier transform, the Laplace trans- 
form, the Mellin transform, and the Hankel 
transform. 

The mathematical development of these 
transforms presented by the author should be 
accessible to anyone who has had a good stiff 
course in advanced calculus, knows something 
about Bessel functions, and has studied contour 
integration theory. 

The applications are contained in seven chap- 
ters which are entitled respectively: the theory 
of vibrations, the conduction of heat in solids, the 
slowing down of neutrons in matter, hydrody- 
namic problems, applications to atomic and 
nuclear physics, two-dimensional stress systems, 
and axially symmetrical stress distributions. No 
special knowledge of mathematical physics is 
assumed of the reader, and each chapter begins 


with an account of the physical principles needed 
in it. For example, in the chapter on heat con- 
duction, the heat equation is derived from ele- 
mentary physical laws. 

The book is an entry in the publisher’s In- 
ternational Series in Pure and Applied Mathe- 
matics.— Matthew P. Gaffney, Northwestern 
University, Evanston, Illinois, and Institute for 
Advanced Study, Princeton, New Jersey. 


An Introduction to Symbolic Logic, Suzanne K. 
Langer, New York, Dover Publications, 
Inc., 1953. 367 pp. Paper, $1.60. 


In this book Mrs. Langer performs for logic 
the very service which capable teachers render 
to students of mathematics—she emphasizes 
the concepts underlying the techniques of the 
subject. 

Teachers of mathematics will find much of 
value in this little volume. It treats, among 
many interesting items, of concepts, abstrac- 
tions, language and thought, logical systems, 
classes, relations among classes, principles of 
proof, problems of logic solved by mathematical 
methods, and above all, the relationship of 
logic to mathematics. It is concise, clear, and it 
illustrations indicate how logic pervades many 
areas of intellectual endeavor.—Jrvin H. Brune, 
Iowa State Teachers College, Cedar Falls, Iowa. 


Lectures on Analytic and Projective Geometry, 
Dirk J. Struik. Cambridge, Addison-Wesley 
Press, 1953. v +291 pp. Cloth, $6.50. 


The book is designed for a one-term course 
for Juniors and Seniors at Massachusetts In- 
stitute of Technology. Most institutions will 
find the material invaluable for their first-year 
graduate students as well. It is a textbook in a 
field where no other adequate textbook exists, 
although similar courses are given from notes at 
many colleges. And this book is more than ade- 
quate. 

In a general sense, the material is developed 
in the same way in which the ideas developed 
historically. Complex elements are introduced 
only to the extent that they enrich the real 
geometry. Frequent historical references occur 
in a natural manner. The text includes three- 
dimensional projective geometry as well as that 
of the plane. Included also is a section devoted 
to collateral reading, many exercises of varied 
difficulty, and answers to the exercises. 

Although some teachers in this field will pre- 
fer their own developments of this subject, Pro- 
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fessor Struik has written an excellent, coherent, 
and much needed textbook which is a pleasure 
to read and should be easy to teach.—C. L. 
Seebeck, Jr., University of Alabama, University, 
Alabama. 


Mathematical Recreations (2nd rev. ed.) Maurice 
Kraitchik, New York, Dover Publications 
Inc., 1953. 330 pp. Paper $1.60. Cloth $3.00. 


This is a fine book for anyone interested in 
popular mathematical problems, either per se 
or to stimulate students. It contains hundreds 
of problems of all kinds, numerical and geo- 
metric games, puzzles, tricks, and so on. Some 
of the oldest, incidentally, are still being cur- 
rently circulated, which may surprise some 
readers. There is a chapter devoted to the 
Calendar, one devoted to Magic Squares, prob- 
lems from chess, checkers and dominoes—to 
mention a few highlights. They are all graded 
for difficulty and answers are given (unfor- 
tunately beside the problem rather than in the 
back of the book).—W. M. Boothby, Northwest- 
ern University, Evanston, Illinois. 


Methods of Applied Mathematics, F. B. Hilde- 
brand, New York, Prentice-Hall, Inc., 1952. 
v +523 pp. Cloth, $7.75. 


This book deals with matrices, determinants, 
linear equations, calculus of variation, differ- 
ential and integral equations at the graduate or 
undergraduate level. There is little which the 
average secondary school mathematics teacher 
could use in his teaching.—Lyman C. Peck, 
Towa State Teachers College, Cedar Falls, Iowa. 


Plane Trigonometry, J. Topping, London, Long- 
mans, Green & Co. Ine., 1952. v +302 pp. 
Cloth, $2.00. 


This scholarly text is complete in itself, but 
it has been assumed that the student will have 
a preliminary knowledge of the subject. The 
text is written to satisfy the needs in inter- 
mediate courses of technical colleges and uni- 
versities. The general definitions of the trigo- 
nometrical ratios, graphs, and simple trigo- 
nometrical equations are given immediately. 

Chapter III is devoted to vectors and shows 
the power of vector algebra in geometry. In 
Chapter VI the limits of (sin @)/@ and (tan @)/6 
as @ tends to zero are discussed but stress is laid 
on certain inequalities and on approximate 
values of the trigonometrical functions when the 
angle is small. 

The later part of the book deals with the 
properties of triangles and quadrilaterals, and 
introduces the inverse trigonometrical functions. 

Many worked examples are given and there 
are over eight hundred examples throughout the 
book. No tables are included in the book. 

Since this text is of English origin, and con- 
tains many questions taken from the University 
of London, the Oxford and Cambridge Schools 
Examination Board and the Central Welsh 
Board, it would be well for the prospective 
teacher to examine the book carefully in order 
to ascertain type of material covered and 
simplicity wanted.—Victor W. Jantzen, Wichita 
High School East, Wichita, Kansas. 


What's new? 


BOOKS 


SECONDARY 
Basic Mathematics Simplified, C. Thomas Olivo, 
Albany, Delmar Publishers, 1953. Cloth, 
iii+421 pp., $3.75. 
Plane Trigonometry, Paul R. Rider, New York, 
The Macmillan Co., 1949. Cloth, v +180 pp., 
$3. 


COLLEGE 


Intermediate Algebra for College Students (re- 
vised edition), Thurman 8. Peterson, New 
York, Harper & Brothers, 1954. Cloth, v 
+369 pp., $3.25. 


MISCELLANEOUS 
How to Lie with Statistics, Darrell Huff, New 


York, W. W. Norton & Co., Ine., 1954. 
Cloth, 6-142 pp., $2.95. 

Nuclear Physics, W. Heisenberg, New York, 
Philosophical Library, Ine., 1953. Cloth, v 
+225 pp., $4.75. 

Roger Bacon in Life and Legend, E. Westacott, 
New York, Philosophical Library, Ine., 
1953. Cloth, vii+140 pp., $3.75. 

Science Since 1500—a short history of mathe- 
matics, physics, chemistry, biology, H. T. 
Pledge, New York, Philosophical Library, 
Inc., 1947. Cloth, 357 pp., $5. 

. S. Navy Occupational Handbook for Women; 
U.S. Navy Occupational Handbook for Men, 
Washington D. C., Bureau of Naval Person- 
nel, 1953. Paper, ii+xiv pp. (women); ii 
+xv pp. (men). 
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@ TIPS FOR BEGINNERS 


Francis G. Lankford, Jr., University of Virginia, Charlottesville, Virginia, 
develops five guides to good evaluation in the mathematics classroom. 
The teacher will find time-saving suggestions and useful ideas 


in this month’s “beginners’’ column. 


What are your pupils learning ? 


Some suggestions on evaluation 


Some time ago I visited a small high 
school in my state to observe the only 
mathematics teacher. She greeted me with 
the statement so often used by teachers 
when they don’t want visitors, “I am so 
sorry you didn’t come to see us yester- 
day. Today we are giving a test. I don’t 
imagine it’s worth your while to visit 
today. Won’t you come again when we 
aren't having a test?” Then I did the 
unexpected. I asked if I might stay to ob- 
serve the pupils work on their test. I 
wish very much I had taken a copy of 
the test which was written on the black- 
board. But I remember its general nature. 
It was a test in plane geometry. It con- 
tained ten true-false questions followed by 
three theorems and two constructions. 
The class period in which the test was to 
be completed was fifty-five minutes. 

As I walked about the room looking 
over the shoulders of the pupils, every- 
one was writing as fast as he could. This 
was absolutely necessary, for the ten true- 
false statements had to be copied and the 
complete proofs had to be written. There 
was no time for thinking through the 
proofs. This was, therefore, a test primarily 
of the knowledge acquired from the study 
of exhibits of proofs of theorems. 

There are two inferences I would draw 
from this observation which other experi- 
ences have persuaded me is all too typical. 
First, we exhibit the kind of teaching we 
do in the tests we give as clearly as in any 


other way. Second, the objectives of our 
teaching which really operate to guide 
pupil learning are those which are defined 
in our tests or other evaluation procedures. 
A teacher who gives plane geometry tests 
and examinations like the one I have de- 
scribed is stimulating the memorization 
of finished proofs and little else. He may 
make all the claims in the world—written 
or orally—that he considers the basic role 
of demonstrative geometry that of de- 
veloping an understanding of the nature 
of proof and the ability to employ the 
elements of mathematical proof in every- 
day thinking. His tests make these claims 
mere words, for you don’t deceive children 
for long. They will soon learn that to 
prepare for a test in Miss Jones’ plane 
geometry class is to learn the proofs of 
all the theorems covered since the last 
test so that they can be written down 
rapidly from memory. 

Accepting this thesis that the evaluation 
we use determines to a large extent the 
learning we get, let us consider some of the 
features of good evaluation, i.e., evaluation 
that stimulates desirable learning. 

First, we need to evaluate the progress 
of pupils in realizing all of the purposes of 
our instruction. We have probably done 
a fairly good job in our usual evaluation, 
of testing for achievement in some aspects 
of mathematics. I suspect, for example, 
that most of our tests have emphasized 
the manipulative aspects of mathematics 
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or knowledge of rules and theorems. But 
we are also concerned with such purposes 
as (1) an attitude of accuracy, (2) ability 
to make reasonable estimates of sizes, 
distances, and amounts as well as (3) an 
appreciation of the truth of Plato’s ob- 
servation, “God eternally geometrizes,”’ 
(4) ability to solve problems, and (5) 
ability to make mathematical proofs. To 
accept these varied purposes is to recog- 
nize that the evaluation instruments we 
use in mathematics teaching will not be 
restricted to pencil and paper tests, cer- 
tainly not to the kind to which we are ac- 
customed. For example, we may need to 
make observations that will enable us to 
answer such questions as the following in 
order to get usable evidence on the prog- 
ress a child is making in developing an 
attitude of accuracy. 

1. After a pupil has copied a group of 
exercises to work, does he check to see 
that they have been copied correctly? 

2. Does he check additions by adding 
down or up if he has added up or down the 
first time? 

3. Does he check subtraction by adding? 

4. Does he check the reasonableness of 
answers to problems by estimating? 

A second feature of good evaluation is 
that we need to obtain evidence of the 
extent of transfer from mathematics 
classrooms to situations outside. 

As a simple illustration we may recog- 
nize that an understanding of many 
mathematical concepts and operations is 
assumed in the current newspapers and 
magazines. We might very appropriately, 
then, use in our tests excerpts from news- 
papers and magazines and ask questions 
calling for interpretations. 

Indeed such illustrations as these sug- 
gest that we need to be as much concerned 
that our tests yield evidence of the 
child’s ability to interpret as of his ability 
to manipulate. 

A third guide to effective evaluation 
might be stated like this. When testing the 
ability of a child to perform mathematical 
operations, emphasis should be placed on 


the diagnosis of causes of difficulties. Here 
I want to say that a mere examination of 
the incorrect work done by a pupil on a 
set of exercises may reveal very little re- 
garding the causes of errors. I remember 
giving a child an arithmetic test which 
had on it such items as this: Convert to 
decimal fractions: 13, 2}, 13. This child 
wrote the incorrect conversions as .013, 
.012. Not until I questioned this 
child did I learn that she was just then 
studying per cents. She had learned to 
convert per cents to decimals simply by 
mechanically moving the decimal two 
places to the left. This was a “convert” 
exercise so she did the same thing here. 
Now no diagnosis of difficulties in mathe- 
matical operations is so effective as an 
individual conference with a child in which 
you hear him “think out loud” the mental 
processes he used in getting the wrong 
result. I realize that this is time consuming, 
but I am also certain that there is really no 
other way. 

A fourth guide to good evaluation is that 
general objectives must be analyzed into 
their specific aspects before very helpful 
clues to evaluation are provided. For 
example, it does not help much with evalu- 
ation to start with such an objective as 
“to acquire an understanding of the na- 
ture of proof.”’ On the other hand it points 
the way much more clearly to the kind of 
evaluation instrument or procedure to 
employ to start with such objectives as 
these: 

1. To understand the relationship between 
assumptions and conclusions. 

2. To develop the ability to use both in- 
ductive and deductive reasoning to reach 
conclusions. 

3. To develop an understanding of the 
difference between conclusions reached 
inductively and deductively. 

4. To develop the ability to use both 
direct and indirect proof to reach conclu- 
sions. 

5. To understand the relationship be- 
tween a figure and the proof of a geometric 
theorem. 
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6. To develop the ability to state con- 
verses and to prove them when provable. 

I believe it is obvious that these more 
specific objectives indicate much more 
clearly than the general ones the kinds of 
test items we may employ. 

A fifth guide to good evaluation has to 
do with an interpretation of the records 
we get. It may be stated this way: Be 
‘autious in the use of averages. I suppose 
it is fairly usual practice to give several 
tests during the course of a unit, to collect 
several pieces of assigned written work, 
and to give a final test over the entire 
content covered during three to six weeks 
of teaching. Then we are likely to average 
these several grades. Often this is a 
weighted average, with the weights as- 
signed according to the emphasis the indi- 
vidual teacher thinks should be placed on 
the three types of grades. I would suggest 
that a fairer procedure is to examine such 
a record with two questions in mind. What 
does it show regarding the child’s progress 
and does it show that by the end of the 
unit the objectives have been satisfactorily 
realized? This second question is particu- 
larly pertinent to evaluation in mathe- 
matics where, by the very nature of the 
content, learning must be accumulative. 
Let’s illustrate this point with a unit on 
logarithms. 

The content will probably be taught in 
this order: 


. The nature of logarithms. 

. Reading a log table to find mantissae. 

. Finding the characteristic. 

. Interpolation. 

. Antilogs. 

. Multiplying, dividing, and taking 

roots and powers with logarithms. 
Now in (6) above all the understandings 
and abilities learned in the earlier five 
topics are used. Evaluations made in the 
earlier part of the unit might very ap- 
propriately be used as guides to reteach- 
ing—leaving the determination of whether 
or not satisfactory progress has been made 
to be based largely on the performance in 
the final aspect of the unit which is really 
the culminating and summarizing aspect. 
Following these five guides to good 

evaluation will do much to enable us to 
answer more satisfactorily the question— 
what are our pupils learning? Moreover, 
we will better direct their learning toward 
acceptable goals. If the kind of evaluation 
suggested here seems too big a task for 
the busy teacher, let me suggest that good 
tests should be used many times. Only 
slight variation is needed to avoid prac- 
tice effect. Moreover, much good evalua- 
tion is done through careful observation of 
the child while learning and need not be 
something which is added as an extra 
burden. Indeed, I would maintain that 
good teaching is not possible without good 
evaluation. 


A gift to teacher 


The plane geometry class in the high school 
at Lancaster, South Carolina, has paid the 
membership fee in the National Council of 
$3.00 as a Christmas gift to their teacher, Mrs. 


Henry A. Simpson. Mrs. Simpson should be 
very pleased with this gift because of the con- 
sideration and wisdom of her class and because 
of the benefits which should come to her from 
THe Maruematics TEACHER during 1954. 


Quantity discounts on orders for 
publications 


All the publications of the National Council 
of Teachers of Mathematics (except mathema- 
tics kits) are now sold according to the standard 
quantity discounts of the National Education 
Association and its units. These discounts super- 


sede all previous discounts and apply to quan- 
tity lots of the same item and issue as follows: 
2-9 copies, 10%; 10-99 copies, 25%; 100 or more 
copies, 333%. Please send remittance with your 
order. 
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@ WHAT IS GOING ON IN YOUR SCHOOL? 


John A. Brown, University of Wisconsin, Madison 6, Wisconsin, and 

Houston T. Karnes, Louisiana State University, Baton Rouge 3, Louisiana, 

the editors of this department, present (1) the examination used in the fourth annual 
mathematical contest held for the Metropolitan New York Section 

of the Mathematical Association of America and (2) “take-home” 


tests for the eighth grade. 


Fourth annual mathematical contest sponsored 
by Metropolitan New York Section 
of the Mathematical Association of America 


Contributed by T. H. Tagerstrom, Chairman of the Committee on Contests and Awards 


During May, 1953, this fourth annual 
mathematical contest was held for the 
Metropolitan New York Section of the 
Mathematical Association of America. 
Over 13,000 students in 485 schools dis- 
tributed in thirty states and two Canadian 
provinces took part. Good participation 
is indicative of growing interest in mathe- 
matics study. 

The highest award, The Bronze Cup, 
was given to the school having the highest 
total score, the winner being James Madi- 
son High School, Brooklyn, New York. 
A special award was given to Richard 
Hodson, Bordentown High School, New 
Jersey, for winning the contest for three 
consecutive years. Certificates of Merit 
went to twenty-eight individuals and hon- 
or keys were awarded to thirteen indi- 
viduals. 

The fifth annual contest will be held on 
Thursday, May 13, 1954. 

The total time for the test was one hour 
and twenty minutes. Following is a list 
of 25 test items from the test which 
contained a total of 50 items: 


City College of New York, New York 


. A boy buys oranges at 3 for 10 cents. He will 


sell them for 5 for 20 cents. In order to make 
a profit of $1.00, he must sell 

(a) 67 oranges (b) 150 oranges (c) 200 
oranges (d) an infinite number of oranges 
(e) none of these 


. The factors of the expression z?+y? are 


(a) (x+y)(z—y) (b) 
(c) (22/3 y?/3) 4-4/3) 

(d) (x+iy)(x —ty) 

(e) none of these 


3. The roots of x(z?+8xr+16)(4—2) =0 are 


(a)O (b) 0,4 0,4, —4 (d) 0, 4,-—4, 
—4 (e) none of these 


. If logs x =2.5, the value of z is 


(a) 90 (b) 36 (c) 36V6 (d) 0.5 (e) 
none of these 


. The fraction 


Va? +2? 
reduces to 
2 2 
(a) 0 (b) 
2a? 2x? 


(d) (a? +22) 3/2 (e) a?+2? 


. The number of ounces of water needed to 


reduce 9 ounces of shaving lotion containing 
50% alcohol to a lotion containing 30% 
alcohol is: 


(a)3 (b)4 (c)5 (d)6 (e)7 
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7. A running track is the ring formed by two 
concentric circles. It is 10 feet wide. The 
circumferences of the two circles differ by 
about: 

(a) 10 feet (b) 30 feet (c) 60feet (d) 100 
feet (e) none of these 

. A triangle and a trapezoid are equal in area. 
They also have the same altitude. If the base 
of the triangle is 18 inches, the median of 
the trapezoid is: 

(a) 36 inches (b) 9 inches (ce) 18 inches 
(d) not enough information (e) none of 
these answers 

9. Adams plans a profit of 10% on the selling 
price of an article and his expenses are 15% 
of sales. The rate of mark-up on an article 
that sells for $5.00 is: 

(a) 20% (b) 25% (c) 30% (d) 334% 
(e) 35% 

. In the expression zy?, the values of z and y 
are each decreased 25%, the value of the ex- 
pression is: 

(a) decreased 50% (b) decreased 75% 
(c) decreased 37/64 of its value (d) de- 
creased 27/64 of its value (e) none of these 

. If logio (z?-—32+6) =1, the value of z is: 
(a) 10 or (b) 4or —2 30r -1 
(d) 4or —1 (e) none of these 

. The equation 

has 
(a) an extraneous root between —5 and —1 
(b) an extraneous root between —10 and 
—6 (c) a real root between 20 and 25 
(d) two real roots (e) two extraneous roots 

3. In a geometric progression whose terms are 

positive, any term is equal to the sum of the 

next two following terms. Then the common 
ratio is: 


V5-1 
2 


(a) 1 (b) about ~ (c) 


1-J5 2 

. The radius of the first circle is 1 inch, that of 
the second $ inch, that of the third } inch, 
and so on indefinitely. The sum of the areas 
of the circles is: 
(a) 37/4 (b) 1.3% (d) 44/3 
(e) none of these 

. The number of significant digits in the 
measurement of the side of a square whose 
computed area is 1.1025 square inches to the 
nearest ten-thousandth of a square inch is: 
(a)2 (b)3 (c)4 (d)5 (e) 1 

. The rails on a railroad are 30 feet long. As 
the train passes over the point where the 
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rails are joined, there is an audible click. 
The speed of the train in miles per hour is 
approximately the number of clicks heard 
in: 

(a) 20 seconds (b) 2 minutes (c) 1} min- 
utes (d) 5 minutes (e) none of these 


. Each angle of a rectangle is trisected. The 


intersections of the pairs of trisectors adja- 
cent to the same side always form: 

(a) a square (b) a rectangle (c) a paral- 
lelogram with unequal sides (d) a rhombus 
(e) a trapezium 


. If one side of a triangle is 12 inches and the 


opposite angle is 30 degrees, then the di- 
ameter of the circumscribed circle is: 

(a) 18 inches (b) 30 inches (ce) 24 inches 
(d) 20 inches (e) none of these 


. Determine m so that 422 —62 + is divisible 


by z—3. The obtained value, m, is an exact 
divisor of: 


(a) 12 (b) 20 (e) 36 (d) 48 (e) 64 


. If f(a) =a—2 and F(a, b) =b?+a, then F3, 


is: 
(aja?—4a+7 (b) 28 (c)7 (d)8 (e) 11 


. The contradictory of the statement, ‘‘all 


men are honest,” is: 

(a) no men are honest (b) all men are dis- 
honest (c) some men are dishonest (d) no 
men are dishonest (e) some men are honest 


. A girls’ camp is located 300 reds from a 


straight road. On this road, a boys’ camp is 
located 500 rods from the girls’ camp. It is 
desired to build a canteen on the road which 
shall be exactly the same distance from each 
camp. The distance of the canteen from each 
of the camps is: 

(a) 400 rods (b) 250 rods (c) 87.5 rods 
(d) 200 rods (e) none of these answers 


. The lengths of two line segments are a units 


and 6 units respectively. Then the correct 
relation between them is: 


b) ( b) 


) ( b 


b) 
) 2 ‘ab 


. If ris greater than zero, then the correct re- 


lationship is: 

(a) log (1+zx) =2/(1+2) 

(b) log (1+x)x/(1+2z) (ec) log (14+ 
(d) log (1+2)<z (e) none of these 


. The co-ordinates of A, B, and C are (5, 5), 


(2, 1) and (0, k) respectively. The value of k 
that makes AC +8BC as small as possible is: 


(a) 3 (b) 44 3¢ (d) 48 (e) 24 


20 
2 
22 
14 


“Take-home”’ tests 


for the eighth-grade arithmetic class 


Contributed by Hazel L. Mason, University of Chicago, Chicago, Illinois 


Announcement of a six-weeks test for 
the final reporting period of any semester 
gives rise to a problem of many aspects. 
Adaption of a college-level testing practice 
to the level of eighth-grade arithmetic 
seemed to solve the problem, practically 
in toto, for one school. The purpose of this 
paper is to describe the adaption made 
and the advantages gained thereby. 

The form of test used was a mimeo- 
graphed sheet of questions given to the 
pupil to answer outside of class and to 
turn in by a certain date. In constructing 
such a test two requirements seemed to be 
basic: (1) to make the test long enough 
to discourage a good student from doing 
more than his own paper, and_ short 
enough to encourage the poor student to 
do the test; (2) to make questions whose 
answers were not easily duplicated but 
were easy and quick to grade. 

To meet the first requirement, the stu- 
dents are given a ten-day period, including 
two weekends, to take the test and may 
turn in the test at any time during the 
period. No papers are accepted late and 
the due date allows adequate time for 
grading. Thus the student is allowed suffi- 
cient time to write a moderate length 
paper. 

The second requirement is met by hav- 
ing several questions of the “select one”’ 
type. All papers had to be written in ink; 
neatness was definitely a part of the grade. 

Pupils could ask for help from the teach- 
er after school or by appointment. Ob- 
viously, they were free to get help from 
any source outside the classroom. 

The following is a brief summary of the 
test. 


PART I: (This contained a list of seventy-five 
words—most of which were misspelled—to write 
correctly. The words were selected mainly from 
those which had appeared on their papers 


throughout the year: rajus, hunnert, squar, sub- 
straction, divisior, formular, and the like.) 

PART I: 1. List the formulas about area and 
volume which we studied this semester. Name 
the figure to which each applies. 

2. Using three of the formulas you listed in 
Question 1, make up and solve a problem for 
each. 

3. Select a problem about simple interest for 
a year and work it. Do the same for a problem 
which has the time given in months; in days. 
Specify page and problem number. 

4. Select and work one probiem in each of 
the following groups. Specify page and problem 
number. (Listed here were twelve groups of 
problems in computation: one each in addition, 
subtraction, multiplication, and division of in- 
tegers, common fractions, and decimal frac- 
tions.) 

5. (This question was similar in style to 
Question 4 and covered written problems in per 
cent, interest, areas, volumes, and their applica- 
tions.) 

6. In about fifty words tell or list some uses 
for arithmetic in your home or on a job with 
which you are familiar. 

7. Give the author, title, and publisher of 
your textbook. 


Although the test appears to be long to 
grade, in actual practice it was sufficient 
to sean the spelling and the answers to 
the first five questions in Part II, since 
the answers to the problems were in the 
test and the formulas could be culled 
from it also. It was necessary to read the 
answers to Questions 6 and 7 only. (Ques- 
tion 6 was interesting, and 7 had startling 
information in some cases!) 

What was accomplished by the proce- 
dure described above? Perhaps the simplest 
way to answer this is to list observable 
results, some of which contain an implied 
problem in the giving of tests. 

The slow, but persistent and conscien- 
tious pupil had an opportunity to show 
his best work without being handicapped 
by nervousness about tests and by the 
time element. 

The “A” student, who had learned his 
material, had his study burden lightened 
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at a time when pupils who are leaders 
have more than normal demands upon 
their energy and interests. 

“Cramming” for the test was elimi- 
nated. 

The nature of the questions tended to 
help pupils organize their thinking and 
their semester’s work. This, in turn, helped 
them to prepare for their final examina- 
tion. 

The pupils learned the value of an 
index in the textbook. 

Parents with the eleventh-hour wail, 
“What can I do to help my child pass?” 
could be given a very definite answer. 

All parents had a quick view of what 
their child had been taught (or exposed to) 


and was expected to know in arithmetic. 

No other out-of-class assignment was 
made during the ten-day period. Thus, 
pupils could devote their usual arithmetic 
study time to their “test.’” The teacher 
was relieved of daily bookkeeping on out- 
of-class work at a busy season. An absen- 
tee had no outside make-up assignments 
to delay completion of the teacher’s 
semester records in his case. 

Pupil approval of the plan was obvious 
in the enthusiastic response and the ex- 
ceptionally nice work turned in. Parents 
were unusually vocal in giving approval to 
the idea. The teacher was happy because 
she had found a time-saver that was not 
a learning loss. 


O. U. radio programs 


Oklahoma University has made avail- 
able their tape recordings of 15-minute 
radio broadcasts on topics of mathematical 
interest. Anyone wishing a tape recording 
of one or more of these broadcasts may 
secure them in the following manner: 


“Your magnetic tape, in a single reel-film 
shipping case, or packed between sheets of cor- 
rugated cardboard and wrapped in heavy paper, 
can be mailed to Tapes for Teaching, Educa- 
tional Materials Services, University of Okla- 
homa, Norman, Oklahoma. 

“A service charge of 50 cents for each 15- 
minute broadcast, plus postage charges, will be 
made for duplication of our master tape onto 
your tape. Be sure to state whether your re- 
corder runs at 3} or 7} inches per second! All 
recordings will be single track; however, they 
will play on double-track recorders. Each 15- 
minut« broadcast will require a minimum of 300 
feet of tape at 3} in./sec. or 600 feet at (5 inch 
diameter) and 1200 feet (7 inch diameter) reels. 
Order tapes by giving the date on which the talk 
was given, the complete title, and the name of 
the speaker. 

““As a convenience to those who do not wish 
to send in a tape, recordings may be rented at 
$1.50 per 15-minute recording for a five-day 
period. 

PROGRAMS 


5—Mathematics—Our Great Her- 
itage, C. E. Springer 


October 


12—How Mathematies Started, J. O. 
Hassler 
19—The Struggle for a Number Sys- 
tem, J. O. Hassler 
26—Butter and Eggs Mathematies, 
R. C. Dragoo 
November 2—Mathematical Pastimes, J. C- 
Brixey 
November 9—Codes and Ciphers, R. V. An- 
dree 
November 16—Proving the Impossible, A. F. 
Bernhart 
November 23—Misinterpretation of Statistical 
Data, B. T. Goldbeck 
November 30—Quality Control, J. C. Brixey 
December 7—Running Around in Circles, N. 
A. Court 
Entertaining Mathematics, N 
A. Court 
December 21—Small Observatories, B. 8. Whit- 
ney 
December 28—New Light on an Old Problem, 
R. V. Andree 
4—What Should High-School 
Student Expect from Mathe- 
matics? Miss McFarland 
11—Mathematics and Stamp Col- 
lecting, W. N. Huff 
18—Random Walk and Gambler’s 
Ruin, P. W. M. John 
25—Why Study Geometry? J. O. 
Hassler’”! 


October 
October 


October 


December 14 


January 


January 
January 


January 
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NCTM 


THE NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 


Proposed changes in by-laws 


Since plans are under way for the 
National Council to publish a journal for 
teachers of arithmetic and also one for 
high-school students, a few changes in 
the By-Laws of the Council should be 
made. A committee has studied this mat- 
ter and recommends the changes shown 
below. 


PRESENT 

Article II, #2. 

2. The Board of Directors may establish 
various types of membership in the 
Council and determine the fee for each. 
Each member is entitled to receive 
Tue Matruematics TEACHER. 


Article III, #1. 


1. Officers. The officers of the Council 
shall be a president, four vice-presi- 
dents, a recording secretary, an execu- 
tive secretary, and an editor. 


Article III, part of #8. 


The Executive Secretary, Recording 
Secretary, and Editor shall be appointed 
by the Board of Directors. The Execu- 
tive Secretary shall be appointed for a 
term of three years; he may be reap- 
pointed. The Editor shall be appointed 
for a term of three years; he may be 
reappointed but shall not serve for more 
than two consecutive terms. The Re- 
cording Secretary shall be appointed 
for a term of one year; he may be reap- 
pointed. 


These proposed revisions will be pre- 
sented to members for approval at the 
next business meeting of the Council 
which will be held in Cincinnati on Satur- 
day, April 24, at 8:00 a.m. A complete 
copy of the present By-Laws will be found 
in THe Maruematics TEACHER for Febru- 
ary, 1951. 


PROPOSED 
Article II, #2. 


2. The Board of Directors may establish 
various types of membership in the 
Council, determine the fee for each, and 
designate the publications included. 
Tue Matuematics TEACHER shall be 
the official journal. 


Article III, #1. 


1. Officers. The officers of the Council 
shall be a president, four vice-presi- 
dents, a recording secretary, an execu- 
tive secretary, and an editor for each 
Journal published by the Council. 


Article III, part of #3. 


The Executive Secretary, Recording 
Secretary, and Editors shall be ap- 
pointed by the Board of Directors. The 
Executive Secretary shall be appointed 
for a term of three years; he may be 
reappointed. The Editors shall be ap- 
pointed for a term of three years; they 
may be reappointed but shall not serve 
for more than two consecutive terms. 
The Recording Secretary shall be ap- 
pointed for a term of one year; he may 
be reappointed. 
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PRESENT 
Article ILI, 45. Duties of Officers. 


(5). Editor. The Editor shall be respon- 
sible for the official journal in all phases 
except that of business management. 


Article III, #9. Duties of Committees. 


(5). The Supplementary Publications 
Committee shall supervise the editing 
and publication of all publications other 
than Year Books and the official jour- 
nal, 


Article III, #10. Editorial Board. 


The Editorial Board shall consist of 
the Editor and six associate editors. The 
associate editors shall be appointed for a 
term of three years by the Board of 
Directors on recommendation of the 
Editor. They shall be eligible for reap- 
pointment but shall not serve for more 
than two consecutive terms. 


Committee on Revision of By-Laws 


PROPOSED 
Article III, #5. Duties of Officers. 
(5°. Editors. Each Editor. shall be re- 


sponsible for his journal in all phases 
except that of business management. 


Article III, #9. Duties of Committees. 


(5). The Committee on Supplementary 
Publications shall supervise the editing 
and publishing of all publications except 
Year Books, journals, and those for 
which other provisions are made by 
the Board. 


Article III, #10. Editorial Boards. 


Each journal shall have an Editorial 
Board consisting of an Editor and such 
associate editors as designated by the 
Board. The associate editors shall be 
appointed for a term of three years by 
the Board of Directors on recommenda- 
tion of the Editor for that particular 
journal. They shall be eligible for reap- 
pointment but shall not serve for more 
than two consecutive terms. 


Allene Archer, Howard Fehr, F. L. Wren, George E. Hawkins, Chairman. 


The National Council Affiliated Groups 


William A. Gager, Southeastern Regional Representative, 
University of Florida, Gainesville, Florida 


AFFILIATED GROUPS AND THE 1954 
DELEGATE ASSEMBLY 


The Thirty-second Annual Meeting of 
the National Council of Teachers of 
Mathematics, which will be held at the 
Sheraton-Gibson Hotel in Cincinnati, 
Ohio, on April 22-24, 1954, has in its 
program several meetings which are of 
particular importance to the delegates 
from Affiliated Groups. These programs 
are listed below. The details of each pro- 
gram can be found in the official program 


of the convention published in the Febru- 
ary, 1954, issue of THe MATHEMATICS 
TEACHER. 


Thursday, April 22, 8:00 a.m.—11:00 
A.M. 
First Meeting of the Delegate Assem- 
bly. 
Thursday, April 22, 5:15 p.m—7:45 
P.M. 
Dinner Meeting of the Delegate As- 
sembly, to be held at Hotel Sinton, 
one block from Sheraton. Price $3.25. 
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Friday, April 23, 2:30 p.m.—4:30 P.M. 

See program under Affiliated Groups 
Section. 
See programs sponsored by the Ohio 
Council of Teachers of Mathematics, 
and the West Virginia Council of 
Mathematics Teachers. 


Those of you who are fortunate enough 
to have been sent to the Delegate Assem- 
bly as delegates of your local Affiliated 
Groups know that the Delegate Assembly 
is rapidly becoming the sounding board of 
the National Council. It is the meeting 
place where delegates can share ideas. It 
is where they can pool their ideas and 
mold them into plans suitable for further 
consideration by the Board of Directors. 
When an Affiliated Group has a plan for 
the improvement of mathematics and 
mathematics teaching, which it feels is 
worthy of national emphasis, the best pos- 
sible move to make is to have its dele- 
gate present the plan to the Delegate 
Assembly. Here the matter will be given 
careful consideration by capable people 
from all sections of the United States. 
Then, if it is the judgment of the Delegate 
Assembly that the plan does have merit 
on the national level, the Assembly will 
back the plan by a recommendation to the 
Board. 

To those of you who have not served on 
the Board of Directors of the National 
Council it should be emphasized that the 
deliberations and decisions of the Board 
are greatly influenced and helped by the 
recommendations that come from the 
Delegate Assembly. Because the Board 
knows these recommendations to be a 
composite of ideas that come from the 
many hundreds of individuals that make 
up the membership of the Affiliated 
Groups, it feels that the procedure is a 
good example of democracy in action. 

The importance of the Delegate Assem- 
bly in Council affairs cannot be over- 
emphasized. For this reason it is hoped 
that the officers now charged with the 
leadership responsibilities of each Affili- 
ated Group will check immediately to see 


if an official delegate and an alternate have 
been appointed to attend the 1954 Dele- 
gate Assembly in Cincinnati. This is the 
year when it is hoped that there will be 
at least one delegate present from each 
Affiliated Group. Make certain that your 
delegate will be there. Selecting the dele- 
gate is, of course, important but it is 
even more important to get the delegate 
on a plane, train, or bus, in time to reach 
Cincinnati on or before 8:00 a.m., April 
22. 

If your group has not already appointed 
a representative, there is still time to do 
so. Just as soon as you know who the 
person will be, send the delegate’s name to 
Miss Mary Rogers, Chairman of the Com- 
mittee on Affiliated Groups, 307 Prospect 
Street, Westfield, New Jersey. 

Delegates should keep in mind that the 
Delegate Assembly is not the place for 
long speeches. It is primarily a place for 
the free interchange of constructive ideas 
that can be used to help improve Council 
activities. While a broad basic program 
will be provided at the Assembly to keep 
the thinking of the delegates stimulated 
and to guide toward certain ends, yet 
each delegate will find that the program 
has been specifically planned to provide 
for an exchange of ideas. 

A delegate selected to attend the Dele- 
gate Assembly should prepare himself in 
at least two ways. He should know the 
thinking of his Group and he should know 
what his particular Affiliated Group wants 
him to convey to the Assembly. Secondly, 
he should study the Delegate Assembly 
program as found in the February, 1954, 
issue of Toe Matruematics Treacuer. It 
would be very helpful if he could discuss 
this Assembly program with the officers 
and other members of his Group. This 
would prepare him to take part in the 
Delegate Assembly program in a way that 
would best represent the thinking of his 
Group. Experience has shown that dele- 
gates who do some preparation before they 
come to the Assembly enter more freely 
into the discussions and take a more active 
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part in helping to formulate recommenda- 
tions. 

It is the delegate’s responsibility to pre- 
pare a carefully written report of the 
Assembly activities to present to his 
AfFliated Group. This report should be 
written as soon after the meeting as pos- 
sible and a copy sent to the editor of the 
Newsletter and a copy to the president 
of the Group, unless the president hap- 
pens to be the delegate. Do not wait until 
May or June to write this report. The 
longer the delegate waits to write this 
report the less will be its value to the 
Affiliated Group that honored him with 
the opportunity to be its delegate. 


AFFILIATED GROUP MEMBERSHIP IS 
NOT ENOUGH 


Congratulations to each teacher of ele- 
mentary or secondary mathematics who 
is a member of an Affiliated Group. But 
if you are a member of an Affiliated Group 
only, you are missing one of your greatest 
opportunities to improve yourself and to 
share your experience and influence to 
help improve the teaching of mathematics. 

There is strength in co-operation. You 
may be thoroughly convinced that mathe- 
matical training for our boys and girls 
should not terminate at the end of the 
ninth grade anymore than training in 
English or science or physical education 
should stop there. Yet you, just by your 


own efforts, cannot do much about making 
mathematics available to all pupils who 
would like to take it in the upper high- 
school grades. To succeed in a task of this 
magnitude you will have to pool your 
efforts with the other members of the 
National Council of Teachers of Mathe- 
matics and help work out a program that 
will be acceptable to those who have the 
responsibility and the authority to decide 
on mathematics curricula for the high 
schools. 

It will cost you $3.00 a year to belong 
to the National Council of Teachers of 
Mathematics. If you do no more than pay 
the £3.00, you have made some contribu- 
tion to the teaching of mathematics. In 
return for the £3.00 the Council will send 
you each month, eight months out of the 
year, THE Matuematics TEACHER, one of 
the best professional magazines in print to- 
day. Or, if you are an elementary teacher, 
The Arithmetic Teacher will be available to 
you after February, 1954. Besides these 
magazines you will soon find that the 
National Council will render to you many 
other services to inspire you and to help 
you to grow professionally. 

In this day and age when the uses of 
mathematics are growing by leaps and 
bounds, I wish to urge each one of you, 
who belong to an Affiliated Group but 
not the National Council, to take this 
next step now: Join the National Council 
of Teachers of Mathematics today. 


Eighth Annual Spring Conference on 
the Teaching of Elementary and 
Secondary Mathematics 

Illinois State Normal University, 
Normal, Illinois 
Saturday, April 3, 1954 
Theme: Creating Interest in Mathematics 
Main speakers: Colonel Robert C. Yates, United 


States Military Academy 
Dr. Maurice Hartung, University of Chicago 


Notice is hereby given, as required by 
the By-Laws, to the members of the Na- 
tional Council of Teachers of Mathematics 
that the Annual Business Meeting of the 
Council will be held on Saturday, April 24, 
1954, at the Sheraton-Gibson Hotel, Cin- 
cinnati, Ohio.—M. H. Ahrendt, Executive 
Secretary. 
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AIMED at the Mathematical Needs 
Of High-School Students 


New Edition Of 
YOUR MATHEMATICS 


The mathematical essen- 
tials of modern living made 
understandable and usable 
for the general mathemat- 
ics student. 


SELF-HELP WORKBOOKS 
General Mathematics Algebra Geometry 


Maintenance of skills, and diagnosis and remedy 
of individual weaknesses provided through a 
unique program of standardized self-testing drills 
and self-help study helps. 


SCOTT, FORESMAN AND COMPANY 


Chicago 1l Atlanta3 Dallas2 San FranciscoS New York 10 


Just off the pross! The 1954 


Welch Catalog of 
Mathematics Instruments and Supplies 


This includes the latest listings on the 
MATHEMATICS SCHACHT DEVICES, for Dynamic 
INSTRUMENTS Geometry, Beginner and Advanced Stu- 
- dent Slide Rules, Calipers, Models, 
eur Sextants, Levels, Drawing Instruments, 
Charts, Drawing Supplies, Rules, and 
a new comprehensive listing of Film 
Strips on Mathematics. We would like 
all mathematics instructors to have a 
copy of this catalog in their file. It is 
free for the asking. 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
1515 Sedgwick St. Dept. X Chicago 10, Ill. U.S.A. 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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Make geometry a living, 
practical subject with this 
visual geometry designed 
for today's classroom 


by KENISTON-TULLY 


PLANE GEOMETRY, 


This book makes clear the value of geometry in everyday life 
with its hundreds of applications in its exercises and its many 
visual aids based on familiar experiences. 


New Features of the Revised Edition 


More algebraic applications 

A greater number of challenging exercises 

Co-ordinate geometry introduced in correlation with plane 
geometry 

A new section on computation with approximate numbers 

Two new sets of objective-type questions for review 

Completely up-to-date problem data and material for discussion 


Keniston-Tully: Plane Geometry, Revised Edition meets all 
standard requirements for both college and technical prepara- 
tory students. A Teachers’ Manual and Answer Book for the 


Revised Edition is available. 


GINN AND COMPANY 


Sales Offices: New York 11 Chicago 16 Atlanta 3 
Dallas 1 Columbus 16 San Francisco 3 Toronto 7 


Please mention the MATHEMaTiIcs TEACHER when answering advertisements 


FISK Teacher’s Agency 


28 E. Jackson Blvd. - Chicago 4, Ill. 


Teachers of Mathematics are very much in demand. Excellent salaries for heads of 
departments and also excellent salaries for beginning teachers. 


Our Service Is Nationwide. 


THE UNIVERSITY OF WISCONSIN 


Summer Session 1954—June 25-August 20 


Courses in Mathematics for Teachers 
Courses in Education for Mathematics Teachers 
Conference on Teaching Arithmetic (July 12-13) 
Conference on Teaching Secondary Mathematics (July 14-15) 


For information, write to: 


Summer Session Office, Education Building 
The University of Wisconsin 
Madison 6, Wis. 


NEW REVISED EDITION 
Guidance Pamphiet in Mathematics 
for 


High School Students 


@ The most popular publication of the National Council of Teachers of Mathe- 
matics has been completely revised and enlarged. 


@ Gives information about new occupational fields for mathematically trained 
persons. Contains up-to-date data and statistics. 


@ Revised with the assistance of numerous experts and consultants. 


@ Will help your students know what mathematics they need for citizenship and 
for success in various vocations. 
@ Quantity discounts: 2-9 copies, 10%; 10-99 copies, 25%; 100 or more copies, 


33 1/3%. 
Price: 25¢ each. 


Send remittance with order. 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the MATHEMATICS TEACHER when answering advertisements 


CHECK HERE 
If you are looking for a superior mathematics text 


INTRODUCTORY COLLEGE MATHEMATICS 


By Adele Leonhardy 
Chairman of Mathematics Department, Stephens College 
1954 459 pages $4.90 


ORGANIZATION 
The important concepts of mathematics—its logical structure, expandability, and 
applications—are introduced early in Leonhardy’s Introductory College Mathematics 
and deftly integrated into the ‘warp and woof” of the text. 


EMPHASIS 

Introductory College Mathematics selects a few major topics and develops them 
fully, rather than merely providing a superficial coverage of many topics. The funda- 
mental concepts included are: the nature of a logical deductive structure, the logical 
basis of our number system and of the algebra of numbers, measurement and com- 
putation, comparison of quantities, functional relationships, rate of change of a 
function, exponential and logarithmic functions, periodic functions, the normal 
probability function, and simple statistical methods. 


TEACHABILITY 
Here is a text that can stand as a model of teachability. It presents clear explana- 
tions, careful definitions, and excellent illustrations within an easily grasped organi- 
zational framework. There are over 2300 selected exercises, many worked-out 
examples, and chapter reviews and bibliographies. Throughout, the emphasis is on 
understanding rather than on mechanical manipulation of numbers and formulas. 
READABILITY 
The simple sentence structure and clear format of the book take all strain out of 
reading. Elementary mathematical concepts are presented in a mature and stimulat- 
ing manner. Exercise questions are directed toward the student's previous reading, 
thus helping him to summarize. 


PREPARATION 
A facility in the use of algebra and trigonometry is developed, so that the student 
may go on naturally to analytical geometry and calculus if he wishes to continue in 
mathematics. 
INTEREST 
Introductory College Mathematics provides stimulating exercises selected from 
many facets of your students’ general education background—sociology, economics, 
psychology, geology, business, industry, music, education, physics, chemistry, physi- 
ology, astronomy, and biology. Historical notes present a brief picture of the de- 
velopment of mathematics. 
APPLICABILITY 
Introductory College Mathematics gives the student the techniques and skills 
necessary for a college program of general education, as well as presenting mathe- 
matics itself as an area of general education. 


Send Today For Your On-Approval Copy 


JOHN WILEY & SONS, Inc. 440 Fourth Ave., New York 16, N.Y. 


Please mention the MATHEMaTics TEACHER when answering advertisements 


FIRST COURSE IN CALCULUS 


HOLLIS R. COOLEY 
Professor of Mathematics 
Washington Square College 
New York University 
February 1954 
643 pages. 

Illus. 
$6.00 


In this stimulating new approach the essential material of 
calculus is made more easily accessible to the beginning stu- 
dent than was possible with older treatments of the subject. 
The emphasis is placed less on formal proofs than on a clear 
appreciation of the concepts involved. While the book is 
more rigorous than many elementary texts, its rigor stems 
naturally from careful explanation—it is never mercly some- 
thing to be endured. 


Dr. Cooley unifies his subject around two main themes: 
the tangent problem and the area problem. Within this 
framework, the ideas of calculus are developed in such a way 
as to give them meaning and purpose for the student. Manip- 
ulations are treated thoroughly but they are kept in their 
place—the efficient means of carrying on the reasoning. 
There is a multitude of examples and exercises. 


The work is organized for maximum usefulness. In the 
first chapter, the main problems are outlined and the goals 


are set. This chapter and the eight which follow constitute 
a well-rounded introduction to the main concepts and opera- 
tions. Chapters 10 and 11 introduce transcendental func- 
tions, and the remainder of the book is concerned with the 
further development of calculus and its calculations. This 
arrangement makes the book suitable for courses of various 
lengths from one term up to ten semester hours. 


ELEMENTS OF STATISTICS 


H. C. FRYER 
Professor of Mathematics 
Kansas State College 
February 1954 
262 pages 
Illus. 
$4.75 


A modern text stressing full understanding, and covering 
the principles and methods fundamental to all applications 
without overemphasis on any single field. This work is de- 
signed to meet the needs of classes composed of students 
who will major in statistics and those for whom it will be a 
tool in other specialized fields. For the latter it offers sta- 
tistical methods, ideas, and analytical thinking, without a 
heavy reliance on mathematics; for the former it provides 
introductory material in probability, statistics, the simpler 
tests of significance, and the use of confidence intervals. 


Send Now For On-Approval Copies 


JOHN WILEY & SONS, Inc. 440 Fourth Ave., New York 16, N.Y. 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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— Heaths Vocational Wathematics Jorts 
Claude W. Ewing and Walter W. Hart 


GENERAL MATHEMATICS AT WORK 


Ideal for mechanically minded students who need a sound fourdation in general mathematics 
. .. Starts with arithmetic review and proceeds through the trigonometry of the right angle 
. .. Uses actual shop problems from 22 different trades . . . Excellent shop drawings 


William Edward Rasch 


PRACTICAL ELECTRICAL MATHEMATICS 


Provides all the practical mathematics that the electrical worker needs . . . Lessons developed 
in cooperation with electrical contractors and working electricians 


William Herbert Edwards 


PRECISION SHOP MATHEMATICS 


A combination text-handbook containing only functional mathematics . . . Trains students 
in on-the-job mathematical procedures . . . Stresses decimal-point accuracy . . . Hundreds of 
practical problems . . . Readable and well-illustrated 


D. Heath and Company 


SaLes OrrFices: New York 14 Chicago 16 San Francisco 5 Atlanta 3 Dallas 1 
Home OFFICE: Boston 16 


When you examine 
MAKING SURE OF ARITHMETIC 


you will discover that its success is due to— 


Authorship: by Morton, Gray, Springstun, Schaaf 


Completeness: Texts for grades 1 through 8. Workbooks and teachers’ guides 


Effective learning organization: 
* Emphasis on understanding the meaning of each new step. 
* Adequate practice materials that provide for individual differences. 
* Vocabulary and language usage that contribute to clear understanding. 
* Problems that promote accurate thinking about arithmetic processes. 


* Reteaching of important points in each succeeding grade. 
MAKING SURE OF ARITHMETIC gives pupils confidence in 
using arithmetic. 
SILVER BURDETT COMPANY 


45 East Seventeenth Street © New York 3, N.Y. 
Offices in Chicago @ Dallas @ San Francisco 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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1 MAKES “TRANSLATING” EASIER! 


THE ROW-PETERSON ALGEBRA PROGRAM 
BOOK I and BOOK IL 


Provides careful preliminary 
training in “translating” 
verbal problems into 
algebraic expressions. 


For full details, write to 


ev WHITE PLAINS. 
Bow, Peterson and Company 


NEW SANBORN GEOMETRIES 


Mallory-Oakley: PLANE GEOMETRY (1953) 
Mallory-Oakley: SOLID GEOMETRY (1954) 
These two new books incorporate many new ideas in the teaching of geometry. 
Among them: 
1. The entirely new presentation of the locus concept. 
2. The use of three-space geometry in the Plane Geometry text. 


3. Frequent and thorough reviews of the necessary skills in arithmetic and 
algebra. 


_ 4, The close attention given to the matter of readability, both as to vocabulary 
and sentence structure. 


BENJ. H. SANBORN & CO 
5559 Northwest Highway, Chicago 30, Illinois 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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PRODUCED AS A SERVICE OF THE NATIONAL 
COUNCIL OF TEACHERS OF MATHEMATICS 


THE ARITHMETIC TEACHER 
Devoted to the improvement of the teaching of mathematics in kinder- 
garten and in all the grades of the elementary school. 
Contains articles by outstanding educators and leading teachers of 
arithmetic. 
Special features include information on investigation and research, 
teaching and curriculum problems, testing and evaluation, teaching 
aids and devices, and reviews. 
Subscription price: $1.50 to individuals, $2.50 to libraries, schools, 
departments, and other institutions. (Add 10¢ for mailing to Canada, 
25¢ for mailing to foreign countries.) 


THE MATHEMATICS STUDENT JOURNAL 


Planned in response to a long-felt need for a journal written especially 
for the secondary-school student. Contains enrichment and recrea- 


tional material. 

Features a problem department to which students may submit both 
problems and solutions. 

Use it to enliven your mathematics classes, challenge your students, 
and put fun into mathematics. 

Published in cooperation with the Mathematical Association of 
America. 

Sold in groups of five copies or more to a single address for same 
period of time. Single-copy rate: 20¢ per year, 15¢ per semester. 
Minimum order: $1.00 per year, 75¢ per semester. 


Each journal published four times a year, in October, December, 
February, and April. 


Send remittance with your order. 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the MatHEeMaATiIcs TEACHER when answering advertisements 


